

























































































MAY THOUSANDS of farmers in the arid and 

semiarid States have no dependable water 
supply except what can be secured from the under- 
flow. Large areas of land now devoted to grazing 
may and doubtless will be eventually devoted to in- 
tensive farming by the utilization of the under- 
ground-water resources. The sinking of a_ well 
which will produce an ample supply of water and 
the installation of an efficient and economical pump- 


ing plant require skill and knowledge not ordinarily 


possessed by the farmer. The purpose of this bul- 
letin is to guide aright those interested in pumping 
from wells for irrigation by making available the 
most essential information pertaining to well con- 
struction and the selection, installation, and opera- 
tion of pumping plants. 


Washington, D. C. Issued May, 1924 
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LESS than 2 per cent of the total land area of the arid and semi- 
arid sections-of the United States is now irrigated, yet reclama- 
tion has reached the stage where future progress can be made only 
through the construction of extensive storage works or the use of 
underground waters. As storage works require large investment 
of capital, which implies some form of community effort, the only 
opportunity for further advance as a result of individual initiative 
lies in the recovery of underground water. 

Water pumped from underground sources is destined to play a 
more important part in the irrigation of land in the United States 
than it has hitherto, but it is well for the individual to bear in mind 
that not every underground supply is suitable for irrigation in 
quality or quantity. 

The following considerations should have attention before money 
isspent for a well and pumping plant : 

(1) Is the water suitable for irrigation / 

(2) Is the underground water supply sufficient to meet the ex- 
pected requirements ? 

(3) Is the pumping lift low enough to justify the expense of 
pumping for the crops to be grown / 

(4) Have similar undertakings succeeded in the locality ? 

(5) Is the power supply to be used for pumping reliable and 
cheap ? 

(6) Have local business men, disinterested in the sale of pumping 
machinery or land, confidence in the feasibility of pumping for ir- 
rigation @ 

Besides considering these matters which have particular connec- 
tion with irrigation by punapeng, the farmer has also to b gre thought 











‘A compilation of contributions by F..L. Bixby, C. E. Tait. and Milo B. Williams, senior 
irrigation engineers; J. C. Marr and L. M. Winsor, irrigation engineers; P. E. Fuller, 
former irrigation engineer; and Prof, F. J. Veihmeyer, collaborator. Free use has been 


= of data and statements in publications of various State agricultural experiment 
tions. 
1 
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to other general are of irrigation, such as the necessary prepara- 
tion of the land, the adaptability of the soil for irrigation, the 
climate, the accessibility of markets, and the rates charged locally on 
borrowed money. These are discussed in other bulletins of the de. 


partment.? 
SUMMARY. 


The essentials of a satisfactory irrigation pumping plant using 
well water are: (a) An ample supply of water suitable for irriga- 
tion and near enough to the surface for economical pumping: (4) 
pump which is adapted to the given conditions as to lift and quantity 
to be pumped; (¢) an engine or motor that will deliver the required 
power to the pump with the minimum loss of efficiency and at the 
minimum cost; (d@) the entire plant carefully planned and installed. 

The farmer should engage the services of a reliable well driller 
and should see that a well-drilling contract is drawn up which will 
protect him against unwarranted expense and inferior work. 

The well casing should be of a standard type, such as screw, 
riveted, or stovepipe casing, and the portion in contact with water- 
bearing formations should be perforated so as to admit water in suff- 
cient quantities and screen out the sand and gravel. 

Before pumping equipment is purchased the well should be thor- 
oughly tested to determine its capacity and draw down. 

The types.of pumps most commonly used for irrigation are the 
horizontal and vertical centrifugal, the deep-well turbine centrif- 
ugal, the plunger, and the air-lift. The height through which the 
water is to be raised is the chief governing factor in the selection of 
the type. 

The power may be supplied by an electric motor or an inteznal- 
combustion engine. 

QUALITY OF THE WATER. 


Certain dissolved minerals constituting what are known as alkali 
salts are sometimes present in well water in sufficient quantities to be 
injurious to vegetation. If there is any question as to the quality 
of the water an expert opinion should be obtained from the State 
agricultural college. Some crops are more tolerant of alkali salts 
than others, and this fact should be remembered when considering 
the suitability of water for irrigation. 


WATER SUPPLY. 


The amount of water required varies with the nature of the crop, 
the soil, the method of irrigation, and the climatic conditions. 
Deciduous fruit trees and vines require the smallest quantity. Forage 
crops and garden truck require the most. The range is from less 
than 1 foot to about 4 feet in depth a vear. A close estimate of the 
depth required can best be made by observing the irrigation practice 
of the locality, but if there is no good example at hand results ob- 
tained under similar conditions in other sections may be taken as 4 


guide.® 


? Farmers’ Bulletins 863, 864, 882. 899, 1243; Department Bulletins 1047, 1048; De 
partment Circular 197; Monthly Weather Review: Field Operations of the Bureau of 
Soils. ; ; 

®See Farmers’ Bulletins 863, 865, 882, and Department Bulletin 339 for discussions 
of the irrigation needs of various crops. 
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|. § not likely that water will be encountered at any depth feasible for 
pumping. Prehistoric lake beds, such as are often found in the 
Great Basin area, rarely yield a good flow of water, as the gravels are 
in thin strata, genet rally interspersed with strata of clay and fine silt. 

li | On the other hand, in the valley of a large river with a sandy bed 

be § and on the adjacent benches or mesas the chances for striking water 

ty | in sufficient quantities for irrigation are very favorable. The same 

te § isoften true of a plain surrounded by high mountains and having 

Its ] no surface drainage or of a desert valley traversed by a wide, dry, 

ng | sandy river bed carrying spring floods and occasional freshets. 

A flow of 300 to 500 gallons of water per minute usually is con- 

sidered an easily handled irrigation stream, but if less than 300 
gallons is secured a small storage reservoir,> which may be filled 

op. | during the night, will provide the necessary stream for the next 

ns. | day’s irrigation if the pump continues to operate. Larger supplies 

we | often are furnished by a single well, or from batteries of wells 

ess || pumped from one central station. 

the 

a THE PUMPING LIFT. 

ob- 

= The lift against which water for irrigation may profitably be 
pumped varies with the value of the crop to be grown. Under 

ae enone conditions water is lifted profitably 500 or more feet. 

De cee Agee 

u of ‘See Farmers’ Bulletin 941, Water Systems for Farm Homes. 
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Before considering the adequacy of a well as a source of water, 
jt is necessary to know the depth of water required at each irrigation 
and the frequency of irrigations in order that the maximum rate of 
usé may be estimated. Suppose, for example, that 40 acres is to be 
set out in fruit trees and that it has been found by a study of other 

irrigated orchards that an application 6 inches deep must be made 
during a certain time of the year within a period of 10 days, repre- 
senting the maximum rate of irt rigation. The well must then be able 
to sup sply 20 acre-feet during a period of 10 days continuous pump- 
ing, or in other words, the w vel must produce at the rate of approxi- 

mately 1 cubic foot of water per second, or about 450 gallons per 
minute. 

Unless an ainple supply of underground water is known to exist, 
as evidenced by the successful operation of large pumping plants in 
the vicinity, each water-bearing stratum should be tested carefully 
during the boring of the first well. The ideal irrigation well is one 
which lowers 10 or 15 feet during the maximum rate of pumping, 
but returns within a foot or so of the original level a short time 
after the pump is stopped. There is, of course, a seasonal fluctuation 
of the water level independent of that caused by pumping, but unless 
the yearly demand exceeds the supply the water should return to its 
normal — or nearly so before the beginning of each irrigation 
season. A discussion of well testing will be found on page 9. 

The possibility of obtaining a dependable water supply from wells 
is difficult to determine in any way except by sinking test wells. The 
Department of Agriculture places no credence whatever in “ water- 
witches.” * On high, arid or semiarid plateaus far removed from 
mountains and large rivers and with good surface drainage it is 


























































’See Farmer’ Bulletin 828, Farm Reservoirs. 
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The last Federal census of irrigation reported an average pumping 
lift of 41 feet for many thousand plants throughout the W est. The 
cost of pumping varies with the distance through which water js 
raised. It is best to avoid the possibility of failure by undertakin 
to pump water only where such ventures have proved profitable for 
the particular crop and locality. 


LOCATION OF THE WELL. 


If possible, a topographical survey should be made to locate the 
proper site for the plant and permit ‘the laying out of a field system 
of distributing ditches or pipes. The pump . should be located at 
the highest point of the land from which water may be conveyed 
economically through the ditches to all parts of the field, unless 
conveyance ‘through pipe lines is planned, when a lower and more 
central location may be more desirable. 


THE WELL CONTRACT. 


Ordinarily the boring or digging of an irrigation well is provided 
for by formal contract to insure > efficienc y of performance by the well 
driller. The following suggestions, pertaining in the main to a 
well drilled by percussion methods, should have the attention of a 
farmer entering into such a contract. 

A contract may specify the character of the apparatus to be used 
in sinking the well. There should be a difference of at least 2 inches 
between the outside diameter of the sand bucket and the inside diam- 
eter of the casing and the sand bucket should have a steel shoe 
with a flap valve of as great an area as the bucket will allow. Often 
a driller’s outfit will include a dilapidated bucket possibly three or 
four inches in diameter and having a round, worn-out soft iron shoe, 
with a small valve in the bottom which is hardly one-half the size 
the bucket will allow; and, if permitted, he may attempt to sink a 
well 10 inches in diameter with the bucket. 

In some sections of the West, it is customary for the well driller 
to furnish casing, starter section, and strainer, if one is used. If 
the casing is of the stovepipe type the gauge and quality of steel 
used, whether the casing be single or double, should be specified in 
the contract. The construction of the starter section should be set 
forth in detail, as should also the thickness of the drive shoe and the 
material of which it is made, its shape and temper, the gauge of 
casing and the length of sections used in the starter section and the 
manner of joining these together. The dimensions of the well should 
be set out, and the length and spacing of the perforations or the 
characteristics of the strainer described. 

There are several ways of paying for such work. The usual way 
is at so much per foot for drilling, the scale of prices increasing with 
the depth of the well. It is usually specified that the first 25 feet 
shall be paid for at a flat rate per foot, with an increase per foot for 
the next 25 feet and so on to the full depth of the well. Most well 
drillers insist on inserting in the contract a provision for minimum 
depth of well, and as a protection for the farmer the maximum depth 
should be specified, so that the driller may not deliberately pass a 
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desirable water-bearing stratum and drill to greater depth for the 
increased pay. 

Several large well-drilling companies work for a specified sum per 
day for the use of the well-drilling rig. No charge is made for the 
time consumed in making repairs. Another arrangement specifies a 
lump sum for the drilling of a well of certain size to a definite depth. 
In such an arrangement the well driller usually sets his prices to 
protect himself, with more than necessary safety. Generally he can 
make a closer estimate of the probable depth of the well than the 
farmer. ‘The extra chance he runs in contracting for definite quan- 
tities of water is reflected in his price. Such arrangements often 
have led to much dispute. 

A precaution the farmer should take in entering an arrangement 
of the “ no-water-no-pay ” type is to insist that the draw down of 
the water surface in the well during the pumping test shall not exceed 
a specific limit, and that the test be continued long enough so that 
the accumulated head of water in the immediate vicinity of the well 
shall be removed, leaving only the normal supply which will come to 
the well after a long period of pumping. 

The test should last long enough to clear the water. Inability to do 
this usually indicates improper perforation of the casing, an un- 
suitable strainer, or the collapse or rupture of the casing. The con- 
tract should call for the delivery to the farmer of a complete and 
detailed log of the formations encountered in sinking the well. 

When working under contract the driller should be required to 
furnish bond or to advance all materials and labor, and should not 
receive payment for partial completion of the work. This protects 
the farmer in case it Is necessary, through carelessness or mishap for 
which he is not to blame, to abandon the well and all or part of the 
asing. Usually it is advisable to set a time limit for the completion 
of the well. 

In case it is anticipated that a turbine pump or other close-fitting 
machinery will be inserted in the well, the contract should specify 
that the bore of the well shall be straight enough to receive the ma- 
chinery: or it may stipulate a minimum clearance between pump 
shell and inside of casing when the pump is in place. 


WELL CASING. 


Stovepipe casing is used in many water-bearing formations, but 
most successfully where coarse, unconsolidated materials are en- 
countered. To avoid use of a strainer, the casing is perforated after 
the well is completed by tools which cut longitudinal slits or gashes 
from the inside. Screw casing also may be perforated and has the 
advantage over other casings that it may be pulled if the well is 
found to vield insufficiently. It is especially adapted to open-bottom 
wells in which it may be necessary to draw back to a certain forma- 
tion after going beyond the desired depth, and may also be used in 
the sinking of wells, especially those of 12-inch diameter or smaller, 
where a strainer is to be inserted and the outer casing withdrawn. 

Riveted casing is especially adapted to coarse-sand and small- 
gravel formations where driving or forcing is not necessary and 
where the water-bearing stratum is known to be unusually thick. 
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It may be perforated more effectively than screw casing, but it wil] 
withstand only a limited amount of perforation. 


STOVEPIPE CASING. 


Stovepipe casing consists of 2-foot sections and is usually made of 
steel sheets, with rivets spaced longitudinally of the section 2 or % 
inches apart at the ends to 3 or 4 inches apart at the center. Each 
section of this casing, after being riveted, is placed in a machine 
or lathe and rotated against a facing tool to “true” the ends. For 
insertion in the well, a casing is assembled in short lengths as the 
well is drilled, but must be used double, there being a slight differ. 
ence in the diameter of the inside and outside sections. An end joint 
of the inside section thus occurs midway of the outside section, 
Hence, when the lengths are together, the end faces butt evenly and 
squarely against each other and are held from slipping or telescoping 
by each other. Sometimes, as the lengths are assembled, they are 
profusely dented from the outside by a pick and are so kept from 
slipping apart or separating in the well in case the drilling tool 
should hang on the casing or on the shoes. Sometimes the sections 
are riveted together as a like precaution. 

Stovepipe casing may be obtained in all diameters from 6-inch to 
26-inch or larger. The 16-inch size is most used in irrigation wells, 

A starter, usually consisting of eight 2-foot sections of casing of 
double or triple thickness riveted together and then to a drive shoe, 
forms the first section upon which rests the “string” of casing. 
If the material is fine and contains no bowlders or hard material, 
the 2-ply, 16 to 10 gauge starter, will be ample; otherwise the starter 
should be 3-ply. The drive shoe is slightly larger in outside diame- 
ter than the following casing, so cutting the hole larger than the cas- 
ing and giving it clearance. 

‘he drive shoes used with stovepipe casing are usually larger and 
heavier than those needed for other casing and have a shank which 
is riveted to the casing; the latter slips over the shank and butts 
against a shoulder on the outside of the shoe. Sometimes this cas- 
ing is driven, for which operation a drivehead is used. This is 
composed of a heavy cast or wrought steel cap, recessed so as to fit 
the top of the casing snugly, and a pair of heavy clamps is bolted 
to the drill stem, which is raised and allowed to fall, as in the drill- 
ing stroke, the clamps striking the drivecap. Such casing has been 
put down as far as 200 feet in heavy bowlder formations by driving, 
though it is generally believed that it can not be sunk except with 
hydraulic re or levers, sometimes called “ pries,” which exert a 
steady and uniform pressure. Generally the use of hydraulic jacks 
is to be preferred to driving. 

Stovepipe casing is likely to pull apart in fine sands unless it is 
riveted before being sunk. To prevent this a substantial footing 
for the casing must be found. 


SCREW CASING. 


Screw casings may be standard wrought-iron pipewith ordinary out- 
side couplings. For heavy driving extra strong pipe, threaded to per- 
mit the ends to butt, and line pipe couplings should be used. “ In- 
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grted-joint ” casing has one end of each length threaded inside after 
being expanded slightly, thus reducing the resistance when the cas- 
ing is being lowered. Joints so made will stand very little driving. 
Casing may be obtained in a number of weights, such as light we | 
casing, about half as thick as standard pipe, standard, and extra 
heavy pipe. When screw casing is used, whether with standard 
couplings or inserted joints, a steel drive shoe must be screwed or 
riveted to the bottom or upon the starting joint. Such a shoe should 
be of a thickness which will stand vals driving through hard 
strata or against bowlders. It is usually from three- fourth inch 
to1 inch thick when used with large sizes of casing and from five- 
eights to three-fourths inch thick for sizes below 10 inches. 


RIVETED CASING. 


Riveted casing, composed of rolled-steel sheets, in sections from 14 
to 24 inches in length, and plain or galvanized to resist rust, is fre- 
quently used. It is inconvenient to handle and will stand only light 
driving, and generally must be forced down by hydraulic pressure 
ora lever. It is often used in diameters over 20 inches for pits or 
dug wells, the weight of iron being proportioned to the diameter 
and the depth of the well. This casing usually may be obtained 
locally, especially in galvanized iron, which may be made at sheet- 
metal shops. If of heavy iron it must be obtained from boiler or 
sheet-iron manufacturers at prices varying according to the gauge. 

If heavy-riveted casing is used it may be strengthened at the joints, 
the weakest parts, by butting the ends together and using inside or 
outside collars riv eted to each section. This precaution is necessary 
if the casing must be forced into a hard formation, and some kind of 
a drive shoe at the bottom will be needed to prevent battering of the 
easing by bowlders or hard material. 


STRAINERS. 


Strainers have had their principal use in fine sand formations, 
but it has been found that where the water-bearing strata are of 
sand so fine as to call for special strainers wells are likely to fail 
anyhow, and the expense of strainers added to their uncertain action 
has led to discontinuance of their use in many sections. Gravel in- 
serted in the well around the casing is now frequently used success- 
fully in place of a strainer at much lower expense. (See p. 8.) 

If conditions seem to call for use of a strainer it should be of a 
type known to be successful in similar formations." Some water may 
be pure enough for irrigation byt still contain enough salt to corrode 
ertain metals to the extent of closing the openings, so rendering the 
strainer useless, and this fact should also be kept in mind when 
considering the use of a strainer. 


PERFORATIONS. 


Wells may fail to supply the amount of water they are capable 
of yielding because of insufficient perforation of the casing. While 
no definite rule can be given, it is recommended that as many per- 





‘For a description of strainers, see Water-Supply Paper 257, U. S, Geological”Survey, 
Well-Drilling Methods, by Isaiah Bowman. 
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forations as possible be put into the shell of the casing opposite the 
water strata without dangerously weakening the casing. As muchas 
40 per cent of the metal can be cut away, but the proportion must be 
varied according to the shape and size of perforations, determined 
by the materials to be screened. Three or four slits should be made 
in each ring or circle, a space of 3 or 4 inches skipped, and a second 
ring or circle of slits then made, staggered from the preceding get, 
Under any conditions the proper perforating of casing in place js 
difficult to effect, and it would be well for the farmer to request 
visible test of the efficiency of the apparatus before an attempt js 
made to perforate the casing underground. Many wells which do 
not produce sufficient water after the first set of perforations is made 
are much improved by repeating the operation. 


THE DOUBLE-CASING WELL. 


The double-casing or gravel-screen type of well is often very sat. 
isfactory in certain sections of the West. In drilling this well a 
large temporary casing is used. After the well is drilled a pro. 
fusely perforated casing is centered in the temporary casing and as 
the temporary casing is withdrawn a screen of fine gravel or crushed 
stone is placed around the inner casing (see fig. 3). The gravel 
or stone filling should extend to the surface. Usually the screen 
should be at least 6 inches less in diameter than the temporary 
casing, to insure ease of insertion. If it is necessary to be sure of 
placing a continuous covering of gravel around the permanent cas. 
ing a space of at least 4 inches should be left between the screen and 
the outer casing when the former is in place; otherwise the gravel 
may clog in spots and be distributed unevenly. 

When properly made this type of well has many advantages over 
the type in which the casing is perforated in place, chief of whichis 
the material increase in open space per linear foot of well. More. 
over, the gravel screen is useful in fine sand formations in holding 
back a portion of the sand and so preventing caving. The continuous 
screen of gravel insures free entry of every stratum of water, whereas 
in perforating a casing after it is in place the perforator may mis 
some of the water-bearing strata unless accurate records are kept 
during the drilling process and careful measurements are made dur- 
ing the perforating. 

This device requires that the temporary outside casing be jointed 
strongly enough to permit pulling from the well. Stovepipe casing 
will not withstand this operation, but is sometimes used as the outer 
casing, being left in the well with the inner casing and the inclosed 
gravel screen. Where this plan is followed the outer casing, which 
is of large diameter (18 to 24 inches), is first sunk and perforated 
opposite the water-bearing strata. The inner casing may be of the 
stovepipe type or a jointed pipe which is perforated during mant- 
facture; if stovepipe casing is used it likewise is perforated before 
insertion. Crushed gravel is inserted between the two casings after 
both are in place. This makes an expensive installation, but one 
which has proved successful in many instances. It has the special 
advantage in some formations of affording a double protection to the 
bowls of a deep-well turbine centrifugal pump, which might be lost 
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or rendered ineffective by the distortion or collapse of a single casing 
as the result of caving. 


THE OPEN-BOTTOM WELL. 


Many successful irrigation wells have been obtained in stratified 
formations, such as are found in the interior valleys of California, 
by making what is commonly known as an open-bottom well. In 
this type of well the bottom of the casing is open and all or part of 
the water enters through this open end. Such a well often is im- 
proved by perforating the casing to admit water from some higher 
stratum in addition to that coming from below. 

The condition most favoring an open-bottom well exists where the 
lowest water stratum tapped underlies a hard, impervious material, 
such as clay, hardpan, or sandstone. in which the casing can be em- 
bedded firmly to form a foundation for the column and act as a seal 
to prevent water from carrying sand down from above, outside of 
the casing. The presence of the impervious layer or layers is essen- 
tial to the success of the well. As an added precaution the hole bored 
through the h: ard stratum should be at least 2 inches smaller in diam- 
eter than the casing. 

The impervious stratum acts as a roof over the water-bearing 
stratum from which, if it is fine sand, the fine materials will be 
pumped out gradually until a large cavity is formed in the bottom 
of the well. Under such conditions it is necessary that the imper- 
vious stratum be hard and thick enough to prevent serious caving. 
Should the roof give way under test, it ‘will be nec essary to drive the 
casing through the water -bearing stratum and embed it in hard ma- 
terials below. Perforations can then be made opposite the water and 
the open-bottom well will be changed to a closed-bottom well. 


WELL DEVELOPMENT AND TESTING. 


A very serious and common mistake is made by the purchase of 
pumping equipment before the well is developed and tested thor- 
oughly. Often wells increase in capacity with the first pumping. 
This is especially true when the water-bearing material contains fine 
sand, clay, or silt which can be removed by pumping. Heavy pump- 
ing is therefore often desirable before a test is run. It is impossible 
for manufacturers to supply efficient pumping machinery without ac- 
curate information as to the conditions under which the plant must 
work, and they should be furnished with the following information 
when their estimates of cost are requested : 

(1) Inside diameters of the well with lengths of each size of casing. 

(2) Total depth of the well. 

(83) Depth to water table below the surface of the ground, and an 
estimate of probable seasonal fluctuations. 

(4) The vertical and horizontal distances water must be pumped 
from the surface in the well with kind of pipe to be used. 

(5) Distances water will drop in the well when different quantities 
are pumped. 


(6) Probable economical draw down and ultimate capacity of the 
well. 
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The first four factors can be ascertained from the driller’s log of 
the well and by direct measurements, but factors 5 and 6 can be deter. 
mined only by a pumping test. Two plans for testing wells are 
practicable: ; 

TEST PLAN No. 1, 


This is adapted to wells where the water level is 25 feet or less 
below the surface and general conditions indicate that, for the per- 
manent installation, a horizontal centrifugal pump can be used a 
the surface or in a pit. 

This test calls for a tractor or other temporary power, and a hori- 
zontal centrifugal pump sunk into a temporary pit in such way that 
a belt can be sloped to it from the tractor. A fair test of the average 
well may be obtained with a pump of about three-fourths the ea- 
pacity of the permanent one. The smaller outfit will not develop 
a well as thoroughly as may be done by use of an oversized pump, but 
an accurate estimate of the rate of increased capacity per foot of 
draw down can be made, and from this information the proper econ- 
omical draw down and final yield of the well can be estimated closely 
enough for designing purposes. 

As the excavation and curbing are expensive, it is advisable for 
the farmer to put in a temporary curb. This may be 20 feet deep or 
less, to set the pump near the water table. A pump set about 5 feet 
above the water table is capable of handling a 15-foot draw down, 
which affords fair indication of future performance. 


Test PLan No. 2. 


This is adapted to wells where the water table is 20 feet or more 
below the surface and general conditions indicate that the draw 
down will increase the lift to approximately 50 feet or more. It 
calls for a deep-well turbine pump or an air-lift outfit. Occasionally 
the best equipped well drillers have outfits of this kind, and where 
they are eae available plan No. 1 should not be considered, as the 
deep-well outfits are as advantageous in developing as in testing wells. 

When conditions indicate that a turbine pump should be used for 
the final plant, manufacturers often agree to install a pump as near 
the proper size as they can select on the basis of the known condi- 
tions. The well is then tested, as in test plan No. 1, by driving the 
pump with a tractor or other temporary power. Such an arrange- 
ment is entered into with the understanding that the manufacturer 
will add or subtract bowls and column lengths of pipe at specified 
unit costs and refunds, as required by the conditions brought out by 
the test. The result of the test will indicate the horsepower needed 
to drive the pump most economically, and on this basis an engine 
of correct size should be installed or the belt head replaced with a 
direct-connected electric motor where electric current is available. 

The average well should be developed slowly by controlling the 
discharge of the test pump with a gate valve. Where sand appears in 
the water first pumped, the plant should be run with a uniform dis- 
charge until the water begins to clear. Then the gate valve can be 
opened until larger quantities of sand appear in the water, this opera- 
tion being repeated until the capacity of the pump or well is reached. 
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When this development process is started, everything should be in 
readiness so that there will be little likelihood of having to stop the 
pump before the well has been pumped thoroughly. This is especially 
desirable when fine sand must be contended with, as stoppage of 

umping too soon may cause clogging of the well or pump. In other 
instances where difficulty is experienced in starting the flow, it may 
be advisable to fluctuate the discharge in order to agitate the water 
in the well. 

After a well has been pumped for development for several hours to 
the maximum capacity of the well or of the testing apparatus and 
there is no apparent fluctuation in the discharge of water, a correct 
measurement of the flow should be made and the draw down below 
the static water level noted. The gate valve on the discharge pipe 
should then be partially closed until the vacuum gauge indicates ap- 


16.5' PROBABLE ECONOMIC DRAW-DOWN 
GIVING 1000 G.PM. 
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GALLONS PER MINUTE 


Fic, 1.—Typical well test chart. 


proximately 4 feet of draw down below static level. (The vacuum 
gauge reads in mercury inches and to convert into feet of head the 
reading should be multiplied by 1.14.) After running about 15 
minutes at approximately this level, the discharge and the draw down 
should be measured accurately and the valve opened until the gauge 
indicates 6 feet of draw down. This operation should be repeated 
with 2 feet draw. down intervals until the capacity of the well has 
again been reached. In this way enough readings may be obtained 
to indicate the performance of the well at different lifts. 

The test should then be plotted graphically on a chart similar to 
that shown in Figure 1. The vertical scale represents draw down 
in feet and the horizontal scale discharge in gallons per minute. 
The rate of increase in flow per foot of draw down is indicated by 
the general slope of the line connecting the test points plotted on 
the chart, and the projection of the line beyond the last test point 




























Farmers’ 
















Bulletin 1404. 





X%‘air line, 










Static 


Water Level 



















Column 











Impeller 





“| Bowls 






















































Air Line 


Fic. 2.—Electrically driven deep well turbine pu 

















mp, show- 


ing apparatus for determining draw down. 


gives an indication 
of what may be ex- 
pected if pumping 
be continued. In 
this way a safe eco- 
nomic lift can be 
assumed and the 
factors determined 
which are necessary 
for the design of 
machinery to fit the 
well. 

The best way to 
measure the water is 
by use of a farmer's 
weir set, either in a 
properly designed 
box or in the bank 
of a small earthen 
reservoir made for 
the purpose.’ 


DETERMINATION OF 
DRAW DOWN. 


When a_ well is 
being tested with a 
centrifugal pump, 
the draw down can 
be determined  ap- 
proximately by 
means of a vacuum 
gauge placed on the 
suction ell or flange. 
The depth of water 
level below the gauge 
top may be deter- 
mined by direct meas- 
urement, or from the 
vacuum gauge after 
the pump has _ been 
primed, unless a foot 
valve is on the sue- 
tion pipe. In that 
case, if it is not feas- 
ible to make a direct 
measurement before 
the pump is started, 
the air-line measure- 
ment described later 
is a convenient 
method of getting 


7See Farmers’ Bulletin 
$138, Censtruction and Use 
of Farm Weirs. 
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the depth. In any case, the vacuum gauge indicates the draw down 
below the pump when the latter is discharging water. 

Figure 2 illustrates a convenient and accurate way to determine 
the draw down where a test is made with a turbine pump. A one- 
quarter inch air tube of known length is placed in the well along- 
side the turbine. This tube should be long enough to reach below 
the level of the probable maximum draw down. To the upper end 
of the air line are attached a pressure gauge, an automobile inner 
tube valve or one similar, and a hand air pump, in such a way that 
all the water can be forced out of the tube and the air pressure 
necessary to do this read on the gauge. The gauge reading indi- 
eates the depth of the tube’s submergence, and this, when converted 
into feet of head and subtracted from the total length of the tube, 
gives the depth to water below the pump at any stage of the test. 

The following equations should be used in the test (see fig. 2) : 

Let 7’ = Total length air tube in feet. 

W = Depth in feet to static water level. 
= Draw down, in feet, at any stage of test to correspond 
with G. 
Depth in feet to which air line is submerged. 
Pressure-gauge reading, in pounds per square inch, at 
any stage of test. 

(1) Then 7=W+D-. 

(2) D=T—W—S. 

As 1 pound pressure (gauge reading) =2.31 feet of head, 

(3) Then S=2.31 G. 

(4) Substituting, D=7'—W—2.31 G. 

When the pump is not running, /=zero, and W can be deter- 
mined by 

(5) W=7—2.31 G. 

For example, and referring again to Figure 2, it is assumed that 
the total length of air line, 7=100 feet. Then to determine the 
distance to static water level, W, before the test is started, all water 
should be forced from the air line by use of the air pump, causing 
a gauge reading, G=say, 344 pounds per square inch. 

Substituting values for 7’ and @ in equation (5) 

W =—100—2.31 34.5=20.30 feet 

To determine the ultimate draw down or the draw down at any 
stage of the test: The water is forced from the air line as in the 
preceding example and the pressure gauge @ is read. It is assumed 
that the reading is 21.5 pounds per square inch. 

Substituting values for 7, W, and @ in equation (4) 

D=100—20.30—2.31 K21.5=30.04 feet 

Should this value of D equal the ultimate draw down in a test, 
then the total lift in the well would be D+ W=30.04+20.30=50.34 
feet, and this value would be used in designing the plant. 


BATTERY OF WELLS. 


A battery of wells consists of several wells connected to a central 
pumping unit. A battery is desirable where water is to be pumped 
from shallow depths in fine formations; also where it is not feasible 
to admit water from several strata into the same well. Each well 
of a battery may tap a different stratum. Under such conditions 
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the wells should probably be on lines radiating from the pumpi 
plant. If the weiJs tap definite water-bearing strata, however, jt 
is often best to locate them in a line at right angles to the probable 
direction of underground flow. 

There are two ways of. conveying water from a battery of well 
to a central pumping unit: (1) By connecting all wells to the sue. 
tion line; (2) where wells will flow into a porous water-bearing 
stratum, by pumping from this stratum. 

In the first case, the most distant wells should not be more than 
about 200 feet from the pump. A surface or pit type of pumping 
plant must be used, depending upon the depth to which the water 
will draw down below the normal water surface when the wells are 
pumped. This type of plant should be designed very carefully and 
each suction line should be of the proper size. On long suction 
lines, a small air pump should be connected to the main suction pipe 
just before the latter enters the pump, to remove any air or gas that 
collects in the pipe. 

The second case is best adapted to conditions where a deep-well 
pump is to be used and it is desired to augment an artesian supply 
with the ground water lying above an impervious stratum. It is 
probable that this method will be used oftener as pumping develops 
in those sections requiring drainage of the surface soil. Where 
large supplies are to be developed by either of the methods des- 
scribed, the advice of an engineer experienced in such developments 
should be secured before the work is undertaken. 

















PUMPS. 








The horizontal and vertical centrifugal, the deep-well turbine 
centrifugal, and the plunger and air-lift pumps are the types most 
commonly used and best adapted to raising water from wells for 
irrigation. 

HORIZONTAL CENTRIFUGAL TYPE. 











Usually the horizontal centrifugal pump (fig. 3) is the cheapest 
in first cost and operation and the most reliable. Further advan- 
tages ure: ice egy A light weight, lack of valves and parts that 
wear out rapidly, simple operation and maintenance, and high eff- 
ciency in raising large quantities of water through moderate lifts. 
It is especially adapted to pumping 250 gallons per minute or more 
where the suction hft is not over 20 feet and for pumping from a 
battery of wells when the lift is low. A centrifugal pump can not 
be operated when submerged, and it can not be used where the 
change of water level due to pumping exceeds 20 feet, the practical 
limit of suction lift, unless it is placed in a waterproof pit below 
the static water level. If the draw down of the water during pump- 
ing is not more than 40 feet below the ground surface, this pump 
can be installed in a pit and direct-connected to an electric motor 
or belt-connected to engine or motor at the ground surface. Fifteen 
feet is usually considered the maximum depth of pit for this type of 
pump when belt-driven. 

When the total lift exceeds from 100 to 150 feet, the horizontal 
und the vertical centrifugal type described later are usually 
“staged.” Staging means the multiplication of runners or impel- 
lers each of which repeats the work of the preceding one, the com- 
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bination being capable of forcing the water through 
lifts than can be done with a single- stage pump. 
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To maintain a constant discharge with lowering water level, the 
speed of the pump must be increased. This generally results in a 
decreased efficiency unless the runner is changed to fit the altered 
situation. 

VERTICAL CENTRIFUGAL TYPE. 


The vertical centrifugal type differs from the horizontal type in 
that the impeller is operated by a verticil shaft, which may be of 
considerable length. Many early wells in locations favorable for 
pumping were of 10-inch’ diameter, and this type of pump was 
especially adapted to such conditions if the lift did not exceed 50 
feet. The pump is set in the bottom of a pit below water level and 
is driven by an electric motor or engine belt-connected to a pulley 
at the top of the shaft on the ground surface or, it may be, operated 
by a direct-connected vertic: al electric motor. The vertical shaft 
must be supported by a framework to prevent excessive vibration. 

The chief advantage of a vertical over a horizontal pump is that 
it may be used with an internal-combustion engine for higher lifts, 
since the length of belt between pump and engine pulleys need never 
be excessive and a belt-way need not be built. This pump may be 
used where the water level fluctuates more than 20 feet, since it may 
be placed near or below the level of greatest draw down. In fact, 
che. pump is usually submerged to lessen suction lift. On the other 
hand, the same restrictions as to the depth at which the pump is 
set due to pit construction apply to the vertical pump. The dif- 
ficulty of effecting proper lubrication of pump and shaft bearings is 
likely to be troublesome. Vertical centrifugal pumps cost more 
than horizontal pumps of the same capacity. To the cost of the 
pump itself must be added the cost of a rigid framework with bear- 
ings to support the vertical shaft, and consideration must be given 
to the loss of power involved in the operation of the drive shaft, 
vibration of which is difficult to prevent as the bearings wear. In 
many sections, the use of this pump for irrigation is giving way to 
the deep-well turbine centrifugal pump. 


DEEP-WELL TURBINE CENTRIFUGAL. 


The deep-well turbine centrifugal pump, often called the “ tur- 
bine ” type, is much used in irrigation. It is similar to the vertical 
centrifugal type in that it has its impellers or runners incased in 
shells or bowls and is driven with a vertical shaft, which is not, how- 
ever, supported by a framework. It usually consists of two or 
more bowls arranged tandem, 12 to 30 feet constituting a stage. 
(See fig. 2.) The name “turbine” comes from the diffusion vanes 
which guide the water from impeller to impeller. The principles of 
operation of this pump are the same as those previously described 
The chief differences are its compactness and its adaptability to 
insertion in cased wells at considerable depths. Wells 10 inches in 
diameter and even smaller may be pumped, but with less efficiency 
than in the larger sizes, which occasionally are 24 inches in diameter 
or more. If the capacity of the well justifies a larger pump than 
will go into the well, the upper part of the casing is enlarged as 
far down as is necessary to accommodate the bowls and the suction 
is extended into the smaller casing, or in certain instances attached 
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directly to screw casing. It is especially adapted to lifts varying 
from 50 to 250 feet. 

The deep-well turbine pump has an advantage over the horizontal 
and vertical centrifugals in that it is far less restricted as to lift. 
Lubrication being effected from the ground surface, the depth at 
which the pump is set is limited neither by the expense of pit con- 
struction nor difficulty in attendance, but only by the cost of opera- 
tio and by mechanical limitations of the pump itself. High lifts 
and large volumes of water are handled without difficulty. As in 
the case of the vertical centrifugal, the turbine pump is operated 
by means of an engine or motor at the ground surface belted to a 
pulley on the vertical shaft or is direct connected to a vertical motor 
incorporated in the pump head. 

The turbine type is more expensive than either the horizontal or 
vertical centrifugal pump. It is not adaptable to pumping from two 
or more Wells simultaneously. It is generally efficient and gives little 
trouble when properly installed. It is best suited to installations 
where the water level is more than 50 feet below the ground surface or 
in other circumstances where the water level fluctuates widely. Its 
principal disadvantage, besides its comparatively high first cost, lies 
inthe expense and difficulty of making repairs, which usually involve 
the withdrawal of the entire pump from the well. 

Manufacturers are likely to emphasize the ease with which this 
pump may be lowered to meet the requirements of a lowered water 
table, but this usually requires the installation of additional bowls 
or stages necessitating the removal of the entire pump from the 
well. Consequently, the expense of reassembling the pump and 


fitting additional bowls or stages should be considered in making a 
selection. 


PLUNGER TYPES. 


The plunger pump commonly used on the farm to raise water for 
domestic purposes may be utilized in irrigating very small areas. The 
plunger pump generally used and probably best adapted to pumping 
from wells consists of a brass cylinder in which operate two plungers 
with valves. (See fig. 4.) The lower plunger is connected to a solid 
rod which fits into a hollow rod to which the upper plunger is con- 
nected. The plungers are operated in such a way as to make the 
pump double-acting, one plunger being on its down stroke while the 
other is moving upward, so producing a fairly continuous discharge. 
Above the cylinder, and connected to it, is the vertical discharge pipe 
through which the water is forced by the action of the plungers. 
The pump is set in the casing with the plungers under water. At the 
surface of the ground the pump rods are attached to and driven by 
a power head, through gears, levers, or eccentrics. The power head, 
in turn, is driven by a motor or engine. The size of the cylinders 
ranges from 6 to 16 inches in diameter and the number of strokes 
varies from 16 to 24 per minute, ranging in length from 28 to 36 
inches. By ingenious devices in some makes the downward stroke 
of each plunger is faster than the upward stroke. There is thus 
a lap in the strokes of the two plungers which does away with the 
tendency, otherwise present, for the flow of water to diminish when 
the two plungers are on dead center. A desirable feature of recent 
models is the sliding rail base on which the working head is built. 
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Fic. 4.—Electrically driven deep well plunger pump. 
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This permits the 
machinery to be slid 
back out of the way 
when the plungers 
or cylinder must be 
pulled. 

The plunger pump 
is best adapted to 
irrigation where 
comparatively small 
quantities of water 
must be raised from 
great depths. When 
first installed, it has 


@&% the highest efficiency 


of any pump, and 
under favorable 
conditions, if prop- 
erly cared for, gives 
little trouble. On 
the other hand, its 
first cost is high, 
The leathers, valves, 
and cylinders wear 
quickly where sandy 
water is pumped 
and if high eff- 
ciency is to be main- 
tained, repairs must 
be made at consider- 
able expense and 
loss of time. This 
type has its widest 
use in the irrigation 
of orchards in south- 
ern California, 
where smal] quanti- 
ties of water are 
pumped against 
very high heads at 
un expense war- 
ranted only by the 
value of the irri- 
gated crops grown 
there. 
AIR LIFT. 

The simplest type 
of air lift consists 
of a discharge pipe 
which is inserted 
into the well to a 
depth below the wa- 
ter surface of at 
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least twice the vertical distance of the water from the ground surface; 
an air pipe extending from a compressor to the bottom of the dis- 
charge pipe and connected to it by a casting specially designed to 
distribute the air evenly; and a tailpiece which forms a slightly 
enlarged extension of the lower end of the discharge pipe below the 
point where air is admitted. The compressor forces the air deep into 
the water, where it is released and rises to the surface, forcing a 
quantity of water up with it. 

The absence of complicated working parts beneath the surface of 
the ground is an outstanding advantage of the air lift. Sand and 
other material may be removed with the water without harm to the 
pump. If proper ‘submergence is possible the pump may be adjusted 
to a lowering water level, and is particularly adapted to pumping 
sever'a | wells from a central power house. An air-lift pump is also 
adapted to a crooked well in which a turbine pump can not be set. 

The air-lift pump is relatively costly because of its power unit. 
Depr eciation and fixed oper ating charges are low, but the efficiency 
is also low, and because of the low effici iency this type of plant is 
not well adapted for pumping for irrigation except under special 
conditions, such, for instance, as a number of deep wells in close 
proximity to each other, all having sufficient depth of water to afford 
proper submergence. 

OTHER TYPES. 


The pumps already described are those chiefly used in irrigation 
from wells, and it is advisable to go slowly in the purchase of any 
new and untried type, no matter what the principle of operation 
may be. Improvements constantly are being made in pumping 
apparatus, but the advantages of innovations should be demonstrated 
and well understood before they are adopted. 


SELECTION, INSTALLATION, AND OPERATION OF PUMPS. 


Under ordinary circumstances the horizontal centrifugal type is 
best adapted to lifts of 50 feet or less. If electric power is not avail- 
able, 40 feet is usually considered the maximum lift for the hori- 
zontal centrifugal. Lifts from 50 to 75 feet may be managed by 
vertical centrifugal or turbine pumps as particular conditions may 
direct. The turbine pump is best adapted to lifts from 75 to 150 
feet. There is a range between 150 and 250 feet where selection is 
possible between turbine and plunger types. but the deep-well tur- 
bine centrifugal type is best for pumping large quantities of water 
within this range of lifts. The plunger pump is to be considered 
when the depth to the water is great and the quantity of water to 
be pumped is not more than 500 gallons per minute. The air lift 
is restricted neither as to lift nor ‘quantity of water to be pumped, 
but its low efficiency should limit its use to the special conditions 
already mentioned. 

All three types of centrifugal pumps should be ordered to fit given 
conditions of lift and capacity. Too often the only condition stipu- 
lated by the farmer ordering a horizontal or vertical centrifugal 
pump is that it discharge a specified quantity of water, but it should 
be remembered that it is possible to obtain widely varying quanti- 
ties of water from a centrifugal or turbine pump by varying the 
speed of its operation. Hence an unscrupulous pump dealer can 
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convey a false impression as to the capacity of a pump by forcing 
it to an uneconomical and inefliciant speed. There is only one set of 
conditions of discharge and speed under which centrifugal pumps 
will operate for a given head at maximum efficiency. A pump 
bought in ignorance ‘of this fact, with cheapness as the main cop. 
sideration, will prove more costly in the long run than the more eg. 
pensive but efficient pump. 

The approximate capacities and efficiencies of different sizes of 
centrifugal pumps (not including the turbine type) are given jp 
Table 1. In ordinary practice a good pumping plant, properly jp. 
stalled, should easily reach the efficiency shown. 













TABLE 1.—Typical capacities of centrifugal pumps and horsepower 
for their operation under average conditions. 
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Theoret- Theoret- | 
No.of | Dis» | _ ical Actual | No.of | _Dis- ical Actual 
eentrif- | charge | horse- Effi orse- || centrif charge horse- Eff. | horse 
ugal | per | power | ciency. mage e ugal per | power | ciency. | Power 
pump. | minute. | per foot rife pump. | minute. | per foot per foot 


of lift of lift. of lift 

















U.S. gals | Per cent. U.S. gals | Per cent 
2 100 | 0.025 | 40 to 45 0. 06 5 700 0.175 62 to 66 0, 28 
2h 150 | -038 | 45 to 50 -O8 6 900 | -223 | 66 to 68 34 
3 225 | .056 |50t055 ll 7 1, 200 -300 | 68 to 70 Hf 
34 300 | -075 | 55 to 60 14 S 1, 600 .400 | 70to 74 57 
4 400 | -100 | 60 to 62 ms 









| Above efficiencies are for pumps properly designed and installed for heads of 40 to 60 feet. Plant effi 
ciencies can be estimated by subtracting 10 per cent for direct-connected electric motors and 17 to 22 per 
cent for helt-connected power ; 
2 Efficiencies taken as the lower in preceding cclumn 





The amount of power lost in forcing a given quantity of water 
through a pipe varies with the length, size, and kind of pipe, the 
number and sharpness of bends, and the valves and other obstrue- 
tions to flow. When a bend must be made in the discharge or sue- 
tion pipe, a long-radius elbow should be used if possible. The sue- 
tion pipe must be air-tight and should extend at least 20 feet below 
the level to which water will be drawn. The discharge pipe should 
be carried no higher than necessary, as each foot in height increases 
the cost of pumping. 

Unlike centrifugal pumps, the discharge of the plunger pump 
can be varied by changing the speed without any sacrifice of effi- 
ciency. It should not, of course, be operated at a speed which will 
cause excessive wear. In order to reduce friction loss, suction and 
discharge pipes should be of sufficient size and have as few short 
bends as possible. This is likewise true of air-lift pumps. _ The 
discharge pipe or column of the air-lift pump should be large 
enough to keep the velocity of the water below 5 feet per second. 





















POWER UNIT. 






Ample power must be available to operate a pumping plant with- 
out overloading the engine or motor. As a precaution the plant 
should be designed to meet a load 10 per cent greater than the 
estimated requirement. The power necessary to lift water is meas 
ured in horsepower. One theoretical horsepower represents the 
energy required to lift 33,000 pounds 1 foot high in 1 minute. 
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Table 2 shows the actual horsepower needed to lift different quan- 
tities of water to elevations of 10 to 300 feet, assuming the efficiency 
of the plant to be 50 per cent. Oil engines and motors usu: ally are 
rated on brake horsepower. Engines and motors manufactured 
by reputable firms will deliver their rated horsepower, and in 
emergencies motors are generally good for a small overload for a 
short run; but it is never wise deliber ‘ately to overload either oil 
engines or motors, as difficulties in operation are almost certain 
to follow. 


TABLE 2.—Horsepower required to lift different quantities of water to elevations 


of 10 feet to 300 feet 


[Efficiency of pumping plant, 50 per cent of theoretical. Use for estimating purposes only.] 


Gal- Cubic Elevation in feet 
lons | feet | eed eo oe ne 
per | per | | | | 


| | | 
min- | sec | 10 | 20 | 30 40 | 50 | 60 | 70 \, 80 | 90 | 100) 125 150 175 | 200 | 250 | 300 


ute. | ond. |h.p.|h.p.|h. p. h. p. |h. p. |h. p. ay h. p. - p. hep. hop. h.p.| h. p.) h. ee ih. p. 
j | | | 


| | | | | | j 
250 . 56) 1.28 . 50) 3.75) § - 00) 6. a5} 7.50) 8.75/10. OO|LL. 25 12. 50 15, 62 05. oo 31.25) § 37. 50 
300 6 . 50} 3.00) 5 5. 00} 7. 50) 9.00 10. 50) 12. 00)13. 50 15. 00 18. 75) 22. 50) 26. 25) 30.00} 37. 50} 45, 00 
350 ‘ - 79) 3. SO} 5, 28 - OO} 8. 75 10. 50/12. 25) 14. 09/15, 75,17. 50 21. 26. 2 30. 62) 35. 00} 43. 75) 52.5 
6. 00/10. 00/12. 09 14. 00/16, 00) 18. 00.20. 00 25. . 35. 00) 40. 00} 50. 00} 60. 
450 00} 2.25) 4.50) 6.75) 9. 00/11. 25/13. 50 15. 75/18. 00}20, 25 22. 50 28. 12 | 39.38] 45. 00] 56. 25} 67.5 
500 12) 2, 50) 5. 00) 7.5 . OO 12. 50/15. 00 17. 50/20. G0)92, 50 >. OO'31, 2! 7.5 3.75) 50.00) 62. 50) 75. 
600 34] 3.00) 6.00) 9. 2. 09 15. 00 1S. 00 21. 09) 24. 09/27. 00° 30. 37 45. 52. 50) 60. 00) 75. 00} 90. 
700 . 56) 3. 50} 09.10, 5 . 00 17. 50 21. 00 24. 50/28. 00/31. 50/3 3.75) 52.5 31. 25! 70. 00) 87. 50/105. 
800 | 1.78) 4.09) 8.00 12. 00 16. 09 20. 60,24. 00 28, 09/32. 00/36. 00 10. 005 7 } SO. 00 100. 00/120, 
900 2. . 50) 9, 00, 13. 50 18. 00 22. 50 27. 00 31. 50/36, 00)40. 50:45. 5. 25 17. 50} 78.75) 90. 00/112. 50/135. 
1,000 2. 23) 5. 00/10. 00 15. 60 20. 09 25. 00 30. 00 35. 00 40. OO} 45. 00:50. 0062. 5 i §7. 50 100. 00 125. 00) 150. 
1,250 ‘ }. 25/12. 50/18. 75 25. 00 31. 25 37. 50 43. 75 50. 00/56. 25 62. 50 78. 15 75 109, 38)125. 00 156, 25)187. 5 
. 50/15. 00 22. 50 30. 00 37. 50 45. 00 52. 50.60. 0067. 50 75. 00 93. 75 . 50131. 25: 1 50. 00 187. 50/225. 


400 . 89) 2.09) 4.00 


Lifts and quantities may be derived from the following formula: 


g.p.m. x h 


‘se wer y 
Horsepower 1000 « E 


Where g. p. = Gallons pumped per minute. 

h - Total head in feet against which pump must 
work. This includes the total vertical lift. 
plus frictional and other losses. 

E = The efficiency of the pump. 

The horsepower in this instance is the power applied at the pump 
pulley. The efficiency usually specified by the pump manufacturer 
is the £ used in this formula. It must be ‘kept in mind that friction 
caused by the movement of the water in the suction and discharge 
pipes, and obstructions to the flow caused by bends, valves, ete., 
offer further resistance which must be overcome by the pump. These 
losses converted to feet of additional height through which the water 
must be lifted, are taken into account in the A in the above formula. 
In Table 2, the horsepower of the engine or motor specified is taken 
as twice the horsepower theoretically required, this being the usual 
practice with pump manufacturers. However, as indicated in Table 
1, the value of /’ increases with the size of the pump. 


THE ELECTRIC MOTOR. 


Where electric current is obtainable at reasonable cost. it is the 
most satisfactory source of power for irrigation pumping. Electric 
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motors combine reasonably low cost, safety, high efficiency, reliability, 
and ease of operation. 

The range of speed in the various sizes of electric motors is such 
that they are readily adapted to the operation of pumps. The elec. 
tric motor, not requiring constant attention, may be direct connected 
to the pump shaft, so eliminating friction and slippage losses due 
to transmission through gears or belts. 

Direct-connected electric plants are compact and require less 
housing than plants of other types, and avoid the trouble of pur- 
chasing, hauling. and storing fuel. The following rates are charged 
by a California company supplying current to many pumping plants, 
They give a fair idea of the cost of such service. 





Tarte 3.—Rates charged for electricity. 










Energy charge in addition to the demand charge: 
rate per kilowatt hour for consumption per 












Annual horsepower per year of— 
demand | E 
Size of installation (horsepower). . charge per 7 — 
aie First 1,000 | Next 1,000 | Next 1,000] All over 
; kilowatt | kilowatt kilowatt 3,000 kilo- 
hours. | hours. hours. watt hours. 


Dollars. Cents Cents Cent. Cent. 
BA cecgscsAnsdergadaneth bankas sees 1 6. 60 | 1.6 9 0.9 0.7 
5 to 14 6.00 | 1.4 | 11 8 1 
15 to 49.... 5.40 | 1.2 | 1.0 8 a 
50 to 99... 4.50 | 1.1] 9 75 








1 In no ease will the total annual demand be less than $13.20 


Any consumer may select at his option the following rate instead of 
the demand and energy rate set forth above: 










Rate per kilowatt hour for consumption per horsepower per 






Annual year of 
minimum 
Horsepower of connected | charge per -—— —— 
load. horse- First 300 | Next 700 | Next 1,000 | Next 1,000 | All over- 
power. kilowatt | kilowatt kilowatt kilowatt | 3,000 kilo 







hours. hours. hours. hours. | watt hours. 

























Cents Cents Cents Cent. | Cent. 
ids wie alice rene 19,06 3.8 1.6 1.2 0.9 0.7 
PEM c ba ccnaccocndeseses 8. 00 3. 4 | 1.4 1.3 8 1 
SUE Suma ccncwnas ve ddae 7.50 3.0 1.2 1.0 8 a 
50 to'90........... ‘ : 7.0 2.6 11 9 7 


1 In no case will the total minimum charge be less than $27 per year. 


Some companies supply current at flat monthly rates, and one 
such enterprise, to encourage continuous use of power, quoting its 
rates upon “the connected load in motors or other utilization equip- 
ment which can be connected at any one time to the company’s sup- 
ply system,” allows the consumer to use electric energy, under certain 
conditions, for operating small motors to cut alfalfa or other feed, 
grind corn, operate cream separators. pump water for domestic pur- 
poses or for stock, or for like purposes. 

Where electric power is to be utilized, frequently several miles of 
power line must be provided in order to tap the main line of some 
large power company, and secondary lines must be constructed to 
each pumping plant. The cost of these power lines, especially 
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when they are long, is an important item in the cost of pumping 
plants. Ordinarily it is met at first by the consumer; but some 
companies divide it with their customers or refund it in service. 


THE INTERNAL-COMBUSTION ENGINE. 


Internal-combustion engines are efficient and with proper care 
will continue to be so through a comparatively long life. This is 
especially true of the Diesel and semi-Diesel types, which are ordi- 
narily adapted, however, only to installations of large size. It is 
commonly regarded that an engine will last from 8 to 12 years. 
Some farmers pump water only a few days per week or only a few 
hours per day, others operate their plants continuously day and 
night, and the length of the irrigation season varies widely in differ- 
ent localities; hence the life of an engine used to operate a pumping 
plant can not be estimated closely in years. Its life in hours de 
pends upon three factors: The quality of metal and workmanship 
put into its manufacture, the load it operates under, and the atten- 
tion given to its operation, and the fuel used. The first factor is of 
interest to a purchaser, but internal-combustion engines usually 
are well built and are delivered in good condition. 

A heavily loaded engine will not last as long as one lightly loaded, 
a load of 75 to 80 per cent of the rating of the engine usually being 
the safe maximum. A substantial foundation is necessary to re- 
duce vibration; and the distance between, comparative elevations, 
and alignment of pump and engine pulleys should be such as to avoid 
belt trouble. Instructions regarding these matters are furnished 
by the pump or engine company from which the purchase is made. 
An engine should have a good sight-feed lubrication and an ample 
cooling system. Poor lubricating oil should not be used. Proper 
housing of an engine is important, particularly in a country where 
freezing weather or sandstorms occur. The housing should be as 
nearly dustproof as possible. Dust, dirt, grime, rain, and neglect 
cause rapid depreciation. Every engine should be cleaned at regular 
intervals, and bolts, springs, valves, and other parts should be ex- 
amined and necessary repairs made. 

Suitability of fuel is a big factor. One obstacle to the continued 
use of the internal-combustion engine for pumping in recent years 
has been the uncertainty about securing a supply of fuel oil at 
prices making its use practical, and it is well to select an 
engine which will run on more than a single grade of oil. An engine 
using the heavier grades of oil had best be chosen, since it will work 
with the lighter oils when the cheaper grades are not available. How 
ever, it is false economy, when proper oil is available, to try to burn 
cheap oils which are too heavy or contain too much asphalt. 

Clean combustion is very important in prolonging the life of an 
engine. A smoky exhaust indicates a foul, dirty cylinder, injurious 
deposits, and rapid wear. Engine performance depends principally 
on the condition of cylinders and piston rings: other parts can be 
maintained in good order with occasional small expenditures. 

Difference in atmospheric pressures causes a difference in power 
produced by engines, and although this is not large it should be taken 
into account where installations are made at considerable heights 
above sea level, 
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COST OF PUMPING INSTALLATION. 






It is beyond the scope of this bulletin to give costs of pumping. 
plant installations in such detail that they will be generally apph- 

‘able throughout the irrigated region. In ‘order that the prospective 
purchaser may have clearly in mind the items which usually enter 
into the cost of pumping plants, estimates of the cost of plants of the 
three types in most common use are given. Conditions peculiar to 
different communities will qualify these estimates and the cost re- 
ported should be considered as suggestive only. Before a plant is 
purchased, quotations on the equipment it is proposed to install 
should be secured from reliable dealers. In each of the three types 
described the cost of the transmission line is omitted for reasons 
stated on page 22. The reader should ascertain what expense would 
be involved in bringing electrical current to his farm from the 
nearest power main and what refunds would be made in case the 
initial expense were charged to him, amending this estimate ac- 
cordingly. 












No. 1. 


Electrically-driven centrifugal pump in pit. (See fig. 3.) 
Conditions: 

Crop to be irrigated, alfalfa. 5 

Depth of water required on land, 3 feet in six irrigations, in a 30-day rota- 
tion in 6-inch applications. 

Amount of water furnished by well, 2 second-feet=900 gallons per minute, 
which will irrigate 4 acres 6 inches deep each 12 hours or 120 acres in 
thirty 12-hour days or fifteen 24-hour days. 

Lift of water=40 feet. 

Theoretical horsepower, 9. 

Plant efficiency, 60 per cent. 

Motor required, 15 h. p. 

Cost of plant: 

Well 100 feet deep, drilling at $2 per foot___.______-_-___ $200.00 

Casing, 12-inch double stovepipe, 12 gauge, 60 feet, at 
$225... oh lA be Niet eg aS Ne ha i a 135. 00 

Casing starter  20- foot, 3-ply, and EN oat 90. 00 

Pit, 8 by 8 by 25 feet inside; concrete 6-inch walls and 
bottom, at. $15 per foot depth... <= 22 = 375. 00 

TOG) ok gate : $800. 00 

Pump No. 6 single ste ize horizontal centrifugal, direct- 

connected to 15 horsepower electric motor, installed 


CASE 





















with necessary electric and hydraulic accessories_ 900. 00 
Pump house with overhead lifting device, concrete floor, 
Ne EER Att St eee ae == 400. 00 








Total Be or Ret Oo eke tes ‘ 1, 300. 00 















Total cost of plant.__..---~~-- i 2, 100. 00 






Cost per acre ($1,200-+-120)_.__.__.____-__- oe 17. 50 
Cost of operation per season: 
interest on $2,100 at:7 per cent ............_.._..- 147. 00 
Taxes and insurance at 1 per cent___- 21. 00 
Depreciation of machinery (value $900) at 10 per cent- 90. 00 
Depreciation of house and well (value $1.200 at 5 per r 
Ne pigs ee ee Ee Pe ee Ba 60. 00 
Power consumed, 11.2 2 kilowatts for 2,160 hours at 2 
cents per kilowatt BERR soe ee es 483. 84 
Repairs, lubricating oil and attendance, per season___- 50. 00 
‘Total cost of operating per season... _ 2. 851. 84 
Cost of pumping per acre season ($851.84--120) - aS 7.10 
Cost of pumping per acre-foot of water ($7.10+8) - 2. 37 
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Pumping From Wells for Irrigation. 


Centrifugal pump in pit, driven by oil engine. 


It is estimated that the plant described in Case 1 could be 

installed with a 15-horsepower oil engine, necessary 

changes being made in pit and house design, at an ap- 

proximate ¢ CONG OE ak : pas $2, 800. 00 
Cost per acre for oil engine plant ($2,800+120) _ : 23. 33 


Cost of operating with oil engine. 


Interest on $2,800 at 7 per cent $196. 00 
Taxes and insurance at 1 per cent__- 28. 00 
Depreciation of machinery (value. $1,600) at 10 per cent__ 160. 00 
Depreciation of house, well and pit (value $1,200) at 5 per 

cent- Casta : 60. 0O 
Fuel consumed 13 gallons 24-gravity oil per hour for 2,160 

hours, at 5 cents per gallon 162. 00 
Repairs, lubricating oil, and attendance per season 150. 00 


Total cost of operating per season 
Cost of pumping per acre per season ($756--120) 
Cost of pumping per acre-foot of water ($6.30-3) 


‘as® No. 2. 
Electrically-driven, deep-well turbine pump. (See fig. 2 


Conditions : 

Crop to be irrigated, fruit. 

Depth of water required on land, 1.5 feet in three irrigations, in a 60-day 
rotation of 6-inch applications. 

Amount of water furnished by well, 1 second-foot=450 gallons per minute, 
which will irrigate 2 acres 6 inches deep each 12 hours or 120 acres in 
sixty 12-hour days. 

Lift, 100 feet. 

Theoretical horsepower, 11.25. 

Plant efficiency, 50 per cent. 

Motor required, 25 horsepower. 

Cost of plant: 

Well 200 feet deep, drilling at $2 per foot_____ $400. 00 

Casing, 12-inch double stovepipe, 12 gauge, 180 feet 
vat $2.25. j . 405. 00 

90. 00 


RiGee: Gt Wels. ‘Weer 
Pump, deep-well turbine installed on concrete base with 
direct-connected vertical 25-h, p. motor_-_-~-~- , 500, 00 
Electric protection accessories_________-_--_------- 200. 00 
Pump house, 8 by 8 by 7 feet posts- tee 100. 00 


Cost of pumping plant installed, total __. 1, 800. 00 


Total cost of plant.___._~_- . 5 3 , 695. 00 
Cost of plant per acre ($2,695--120) 22. 46 
Cost of operation per season: 
Interest on $2,695 at 7 per cent : 5 eae 188. 65 
Taxes and insurance on $2,695 at 1 per cent 26. 95 
Depreciation of machinery (value $1,700) at 10 per cent_ 170.00 
Depreciation of well and building (value $995) at 5 per 


49. 75 
Power consumed, 16,785 kilowatts for 2.160 hours at £ 
cents per kilowatt hour) 
Repairs, lubricating oil, and attendance per season____- 


Total cost of operation per season 
Cost of pumping per acre per season ($1,260.46+120) 
Cost of pumping per acre-foot of water ($10.50+-1.5) 
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Deep-well turbine pump driven by oil engine. 
It is estimated that the plant described in Case 2 could be 


installed with a 25-horsepower oil engine, enlarged pump It i 




















house, and foundation for approximately__________~ ay, $3, 700, v 
Cost per acre of oil-engine plant ($3,700-- 120) ____ 30. 
Cost of operating per season with oil engine. 

Interest on $3,700 at 7 per cent______ ie he $259. CO 

Taxes and insurance on $3,700 at 1 per cent_ aos 37. 00 
Depreciation of machinery (value $2,600) at 10 per cent 260. 00 Ir 
Depreciation of well, pump house, ete. (value $1,100) at 5 per ! 
RN ee sles aiele 25 Be Sor 5d. OO D 
Fuel consumed, 24 gallons per “hour for 2,160 hours, at 5 D 
cents per gallon ______- ere a ee pS Sei 270. 00 
Repairs, axciaasine oil, and attendance per season 300. 00 k 
Total cost of operating per season___ $1, 18 I 


: 1.0 
Cost of pumping per acre per season ($1,181--120) 9. 
Cost of pumping per acre-foot of water ($9.84+-1.5) 6. 56 


CASE No. 3. 



















Electrically-driven deep-well plunger pump. (See fig. 4.) 
Conditions: 

Crop to be irrigated, apples or citrus orchards. 

Depth of water required on land, 1.5 feet in three irrigations, in a 60-day 
rotation of 6-inch applications. 

Amount of water furnished by well, one-half second-foot=225 gallons per 
minute, which will irrigate 1 acre 6 inches deep each 12 hours, or @ 
acres in sixty 12-hour days. 

Lift, 200 feet. 

Theoretical horsepower, 11.2. 

Plant efficiency, 70 per cent. 

Motor required, 20 horsepower. 

Cost of plant: 

Well 300 feet deep, drilling at $2 per foot____.__._._._____ $600. 00 

Casing, 12-inch double stovepipe, 12 gauge, 280 feet at 
$2.25 per foot aus 630. OU 

Casing starter, 20 feet, 3-ply, and ring ____ ; 90. 00 













eee ncdnaettl 1000 TNO 5K PT ee ES. $1, 320. 00 
Pump, double-acting, deep-well, working head on slide 

rails, connected to 20-horsepower electric motor by 

short belt and idler or silent chain, 8-inch eylinder, 

195 feet of column pipe, and double plunger rods, 















complete - ; Skea $2, 300. 00 
Motor, 20 h. p., with protection accessories_ 550. 00 
Derrick, with windlass and pump house____~__- 400. 00 
Installation, labor, concrete foundation, freight, etc 650. 00 













Cost of pumping plant installed_- ate eieae 5 3, 200. 00 














Total cost of plant- 
Cost of plant per acre ($5,220+-60) __ 
Cost of operation: 


5, 220. 00 
Rag ooneey ssid agitate 87. 00 


Interest on $5,220 at 7 per ‘cent... ___......-....... __ $865. 40 
Taxes and insurance at 1 per cent__-_-_-----_-~-~- 52. 20 
Depreciation of machinery (value $é 500) at 10 per cent 350. 00 
Depreciation of well and pump house (value $1,720) 

at 5 per cent ats a 86. 00 


Power consumed, 12.1 k. w. 2,160 hours at 2 cents per 
k. w. hour- tee es St hd aaa 522. 72 


Repairs, lubric cating oil, and attendance per season 100, 00 
Total cost of operating per season _- 1, 476. 32 
Cost of pumping per acre per season ($1, 476,32-+-60) 24. 61 


Cost of pumping per acre foot of water ($24.61+-1.5) ______- 16 41 


Pumping From Wells for Irrigation. 


Deep-well plunger pump, driven by oil engine. 


It is estimated that the plant described in Case 3 could be installed 
with a 20-horsepower oil engine, an enlarged pump house, belt, and 
foundation for approximately________- <cnswin aes Oy BOO OO 


Cost per acre of oil engine plant ($5,900-+60) - 98. 33 
Cost of operating with oil engine, 


Interest on $5,900 at 7 per cent___------~-- Se 
Taxes and insurance on $5,900 at 1 per cent_ seal 59. 00 
Depreciation of machinery (value $4,080) at 10 per cent 408. 00 
Depreciation of well, building, etc. (value $1,820), at 5 per 

cent_ sep cabana 91. 00 
Fuel consumed, 2 2 gallons per hour for 2.160 hours at 5 cents 

per gallon- : ; 216. 00 
Repairs, lubricating oil, and attendance » per season_ 250. 00 


Total cost of operating per season 


Cost of pumping per acre per season ($1,487--60) 
Cost of pumping per acre foot of water ($23,951 oO) 


i 60-day 


lons per 
S, or 6 
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ANY THOUSANDS of farmers in the arid and 

semiarid States have no dependable water 
supply except what can be secured from the under- 
flow. Large areas of land now devoted to grazing 
may and doubtless will be eventually devoted to in- 
tensive farming by the utilization of the under- 
ground-water resources. The sinking of a well 
which will produce an ample supply of water and 
the installation of an efficient and economical pump- 


ing plant require skill and knowledge not ordinarily 
possessed by the farmer, The purpose of this bul- 
letin is to guide aright those interested in pumping 
from wells for irrigation by making available the 
most essential information pertaining to well con- 
struction and the selection, installation, and opera- 
tion of pumping plants. 


Washington, D. C, Issued May, 1924; revised January, 1928 





PUMPING FROM WELLS FOR IRRIGATION." 


By Paut A. Ewrne, Assistant in Irrigation Economics, Division of 
Agricultural Engineering, Bureau of Public Roads. 
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INTRODUCTION. 


LESS than 2 per cent of the total land area of the arid and semi- 

arid sections of the United States is now irrigated, yet reclama- 
tion has reached the stage where future progress can be made only 
through the construction of extensive storage works or the use of 
underground waters. As storage works require large investment 
of capital, which implies some form of community effort, the only 
opportunity for further advance as a result of individual initiative 
hes in the recovery of underground water. 

Water pumped from underground sources is destined to play a 
more important part in the irrigation of land in the United States 
than it has hitherto, but it is well for the individual to bear in mind 
that not every underground supply is suitable for irrigation in 
quality or quantity. 

The following considerations should have attention before money 
is spent for a well and pumping plant: 

(1) Is the water suitable for irrigation? 

(2) Is the underground water supply sufficient to meet the ex- 
pected requirements ? 

(3) Is the pumping lift low enough to justify the expense of 
pumping for the crops to be grown? 

(4) Have similar undertakings succeeded in the locality ? 
> Is the power supply to be used for pumping reliable and 
cheap ? 

(6) Have local business men, disinterested in the sale of pumping 
machinery or land, confidence in the feasibility of pumping for ir- 
rigation ? 

Besides considering these matters which have particular connec- 
tion with irrigation by pumping, the farmer has also to give thought 


*A compilation of contributions by F. L. Bixby, C. B. Tait, and Milo B. Williams, senior 
frrigation engineers; J. C. Marr and L. M. Winsor, irrigation engineers; P. EB. Fuller, 
former irrigation engineer; and Prof. F, J. Veihmeyer, collaborator. Free use has been 
aoe of data and statements in publications of various State agricultural experiment 
ions, 
1 
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to other general — of irrigation, such as the necessary prepara- 
tion of the land, the adaptability of the soil for irrigation, the 
climate, the accessibility of markets, and the rates charged locally on 
borrowed money. These are discussed in other bulletins of the de- 
partment.? 

SUMMARY. 


The essentials of a satisfactory irrigation pumping plant using 
well water are: (a) An ample supply of water suitable for irriga- 
tion and near enough to the surface for economical pumping; (6) a 
pump which is adapted to the given conditions as to lift and quantity 
to be pumped; (c) an engine or motor that will deliver the required 
power to the pump with the minimum loss of efficiency and at the 
minimum cost; (d) the entire plant carefully planned and installed. 

The farmer should engage the services of a reliable well driller 
and should see that a well-drilling contract is drawn up which will 
protect him against unwarranted expense and inferior work. 

The well casing should be of a standard type, such as screw, 
riveted, or stovepipe casing, and the portion in contact with water- 
bearing formations should be perforated so as to admit water in sufi- 
cient quantities and screen out the sand and gravel. 

Before pumping equipment is purchased the well should be thor- 
oughly tested to determine its capacity and draw down. 

he types of pumps most commonly used for irrigation are the 
horizontal and vertical centrifugal, the deep-well turbine centrif- 
ugal, the plunger, and the air-lift. The height through which the 
_ is to be raised is the chief governing factor in the selection of 
the type. 

The power may be supplied by an electric motor or an inteznal- 
combustion engine. 


° 


QUALITY OF THE WATER. 


Certain dissolved minerals constituting what are known as alkali 
salts are sometimes present in well water in sufficient quantities to be 
injurious to vegetation. If there is any question as to the quality 
of the water an expert opinion should be obtained from the State 
agricultural college. Some crops are more tolerant of alkali salts 
than others, and this fact should be remembered when considering 
the suitability of water for irrigation. 


WATER SUPPLY. 


The amount of water required varies with the nature of the crop, 
the soil, the method of irrigation, and the climatic conditions. 
Deciduous fruit trees and vines og ogee thesmallest quantity. Forage 
crops and garden truck require the most. The range is from less 
than 1 foot to about 4 feet in depth a year. A close estimate of the 
depth required can best be made by observing the irrigation practice 
of the locality, but if there is no good example at hand results ob- 
tained under similar conditions in other sections may be taken as a 
guide.® 


?Farmers’ Bulletins 863, 864, 899, 1243, 1517; Degartnent Bulletins 1047, 1048; De- 


cecenent Circular 197; Monthly Weather Review; Field Operations of the Bureau of 
Ss. 


*See Farmers’ Bulletins 863, 865, 1517, and Department Bulletin 339 for discussions 
of the irrigation needs of various crops. 
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Before considering the adequacy of a well as a source of water, 
it is necessary to know the depth oF water required at each irrigation 
and the frequency of irrigations in order that the maximum rate of 
use may be estimated. Suppose, for example, that 40 acres is to be 
set out in fruit trees and that it has been found by a study of other 
irrigated orchards that an application 6 inches deep must be made 
during a certain time of the year within a period of 10 days, repre- 
senting the maximum rate of irrigation. The well must then be able 
to supply 20 acre-feet during a period of 10 days continuous pump- 
ing, or in other words, the well must produce at the rate of approxi- 
mately 1 cubic foot of water per second, or about 450 gallons per 
minute. 

Unless an ample supply of underground water is known to exist, 
as evidenced by the successful operation of large pumping plants in 
the vicinity, each water-bearing stratum should be tested carefully 
during the boring of the first well. The ideal irrigation well is one 
which lowers 10 or 15 feet during the maximum rate of pumping, 
but returns within a foot or so of the original level a short time 
after the pump is stopped. There is, of course, a seasonal fluctuation 
of the water level independent of that caused by pumping, but unless 
the yearly demand exceeds the supply the water should return to its 
normal level or nearly so before the beginning of each irrigation 
season. A discussion of well testing will be found on page 9. 

The possibility of obtaining a dependable water supply from wells 
is difficult to determine in any way except by sinking test wells. The 
Department of Agriculture places no credence whatever in “ water- 
witches.”* On high, arid or semiarid plateaus far removed from 
mountains and large rivers and with good surface drainage it is 
not likely that water will be encountered at any depth feasible for 
pumping. Prehistoric lake beds, such as are often found in the 
Great Basin area, rarely yield a good flow of water, as the gravels are 
in thin strata, generally interspersed with strata of clay and fine silt. 
On the other hand, in the valley of a large river with a sandy bed 
and on the adjacent benches or mesas the chances for striking water 
in sufficient quantities for irrigation are very favorable. The same 
is often true of a plain surrounded by high mountains and having 
no surface drainage or of a desert valley traversed by a wide, dry, 
sandy river bed carrying spring floods and occasional freshets. 

A flow of 300 to 500 gallons of water per minute usually is con- 
sidered an easily handled irrigation stream, but if less than 300 

llons is secured a small storage reservoir,® which may be filled 
uring the night, will provide the necessary stream for the next 
day’s irrigation if the pump continues to operate. Larger supplies 
often are furnished by a single well, or from batteries of wells 
pumped from one central station. 


THE PUMPING LIFT. 


The lift against which water for irrigation may profitably be 
pumped varies with the value of the crop to be grown. Under 
exceptional conditions water is lifted profitably 500 or more feet. 





_ ‘See Farmers’ Bulletin 1448, Farmstead Water Supply. 
Farmers’ Bulletin 828, Farm Reservoirs. 
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The last Federal census of irrigation reported an iin 4 pumping 
lift of 41 feet for many thousand plants throughout the West. The 
cost of pumping varies with the distance through which water jg 
raised. It is best to avoid the possibility of failure by undertaki 

to pump water only where such ventures have proved profitable for 
the particular crop and locality. 


LOCATION OF THE WELL. 


If possible, a topographical survey should be made to locate the 
proper site for the plant and permit the laying out of a field system 





of distributing ditches or pipes. The pump should be located at 
the highest point of the land from which water may be conveyed 
economically through the ditches to all parts of the field, unless 
conveyance through ge lines is planned, when a lower and mor 
e more desirable. 


central location may 
THE WELL CONTRACT. 


Ordinarily the boring or digging of an irrigation well is provided 
for by formal contract to insure efficiency of performance by the well 
driller. The following suggestions, pertaining in the main toa 
well drilled by percussion methods, should have the attention of a 
farmer entering into such a contract. 

A contract may specify the character of the apparatus to be used 
in sinking the well. There should be a difference of at least 2 inches 
between the outside diameter of the sand bucket and the inside diam. 
eter of the casing and the sand bucket should have a steel shog 
with a flap valve of as great an area as the bucket will allow. Often 
a driller’s outfit will include a dilapidated bucket possibly three or 
four inches in diameter and having a round, worn-out soft iron shoe, 
with a small valve in the bottom which is hardly one-half the size 
the bucket will allow; and, if permitted, he may attempt to sink a 
well 10 inches in diameter with the bucket. 

In some sections of the West, it is customary for the well driller 
to furnish casing, starter section, and strainer, if one is used. If 
the casing is of the stovepipe type the gauge and quality of steel 
used, whether the casing be single or double, should be specified in 
the contract. The construction of the starter section should be set 
forth in detail, as should also the thickness of the drive shoe and the 
material of which it is made, its shape and temper, the gauge of 
casing and the length of sections used in the starter section and the 
manner of joining these together. The dimensions of the well should 
be set out, and the length and spacing of the perforations or the 
characteristics of the strainer described. 

There are several ways of paying for such work. The usual wa 
is at so much per foot for drilling, the scale of prices increasing wit 
the depth of the well. It is usually specified that the first 25 feet 
shall be paid for at a flat rate per foot, with an increase per foot for 
the next 25 feet and so on to the full depth of the well. Most well 
drillers insist on inserting in the contract a provision for minimum 
depth of well, and as a protection for the farmer the maximum depth 
should be specified, so that the driller may not deliberately pass @ 
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desirable water-bearing stratum and drill to greater depth for the 
increased pay. 

Several large well-drilling companies work for a specified sum per 
day for the use of the well-drilling rig. No charge is made for the 
time consumed in making repairs. Another arrangement specifies a 
jump sum for the drilling of a well of certain size to a definite depth. 
In such an arrangement the well driller usually sets his prices to 

rotect himself, with more than necessary safety. Generally he can 
make a closer estimate of the probable depth of the well than the 
farmer. The extra chance he runs jn contracting for definite quan- 
tities of water is reflected in his price. Such arrangements often 
have led to much dispute. 

A precaution the farmer should take in entering an arrangement 
of the “ no-water-no-pay ” type is to insist that the draw down of 
the water surface in the well during the pumping test shall not exceed 
a specific limit, and that the test be continued long enough so that 
the accumulated head of water in the immediate vicinity of the well. 
shall ba removed, leaving only the normal supply which will come to 
the well after a long period of pumping. 

The test should last long enough to clear the water. Inability to do 
this usually indicates improper perforation of the casing, an un- 
suitable strainer, or the collapse or rupture of the casing. The con- 
tract should call for the delivery to the farmer of a complete and 
detailed log of the formations encountered in sinking the well. 

When working under contract the driller should be required to 
furnish bond or to advance all materials and labor, and should not 
receive payment for partial completion of the work. This protects 
the farmer in case it 1s necessary, through carelessness or salen for 
which he is not to blame, to abandon the well and all or part of the 
casing. Usually it is advisable to set a time limit for the completion 
of the well. 

In case it is anticipated that a turbine pump or other close-fitting 
machinery will be inserted in the well, the contract should specify 
that the bore of the well shall be straight enough to receive the ma- 
chinery; or it may stipulate a minimum clearance between pump 
shell and inside of casing when the pump js in place. 


WELL CASING. 


Stovepipe casing is used in many water-bearing formations, but 
most successfully where coarse, unconsolidated materials are en- 
countered. To avoid use of a strainer, the casing is perforated after 
the well is completed by tools which cut longitudinal slits or gashes 
from the inside. Screw casing also may be perforated and has the 
advantage over other casings that it may be pulled if the well is 
found to yield insufficiently. It is especially adapted to open-bottom 
wells in which it may be necessary to draw back to a certain forma- 
tion after going beyond the desired depth, and may also be used in 
the sinking of wells, especially those of 12-inch diameter or smaller, 
where a strainer is to be inserted and the outer casing withdrawn. 

Riveted casing is especially adapted to coarse-sand and small- 
gravel formations where driving or forcing is not necessary and 
Where the water-bearing stratum is known to be unusually thick, 
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It may be perforated more effectively than screw casing, but it wil] | 
withstand only a limited amount of perforation. 


STOVEPIPE CASING. 


Stovepipe casing consists of 2-foot sections and is usually made of 
steel sheets, with rivets spaced longitudinally of the section 2 or 
inches apart at the ends to 3 or 4 inches apart at the center. Each 
section of this casing, after being riveted, is placed in a machine 
or lathe and rotated against a facing tool to “true” the ends. For 
insertion in the well, a casing is assembled in short lengths as the 
well is drilled, but must be used double, there being a slight differ. 
ence in the diameter of the inside and outside sections. An end joint 
of the inside section thus occurs midway of the outside sectioi, 
Hence, when the lengths are together, the end faces butt evenly and 
squarely against each other and are held from slipping or telescoping 
by each other. Sometimes, as the lengths are assembled, they are 
profusely dented from the outside by a pick and are so kept from 
slipping apart or separating in the well in case the drilling tool 
should hang on the casing or on the shoes. Sometimes the sections 
are riveted together as a like precaution. 

Stovepipe casing may be obtained in all diameters from 6-inch to 
26-inch or larger. The 16-inch size is most used in irrigation wells, 

A starter, usually consisting of eight 2-foot sections of casing of 
double or triple thickness riveted together and then to a drive shoe, 
forms the first section upon which rests the “string” of casing. 
If the material is fine and contains no bowlders or hard material 
the 2-ply, 16 to 10 gauge starter, will be ample; otherwise the starter 
should be 3-ply. The drive shoe is slightly larger in outside diame- 
ter than the following casing, so cutting the hole larger than the cas- 
ing and giving it clearance. 

The drive shoes used with stovepipe casing are usually larger and 
heavier than those needed for other casing and have a shank which 
is riveted to the casing; the latter slips over the shank and butts 
against a shoulder on the outside of the shoe. Sometimes this cas- 
ing is driven, for which operation a drivehead is used. This is 
composed of a heavy cast or wrought steel cap, recessed so as to fit 
the top of the casing snugly, and a pair of heavy clamps is bolted 
to the drill stem, which is raised and allowed to fall, as in the drill- 
ing stroke, the clamps striking the drivecap. Such casing has been 
put down as far as 200 feet in heavy bowlder formations by driving, 
though it is generally believed that it can not be sunk except wit 
hydraulic jacks or levers, sometimes called “ pries,” which exert @ 
steady and uniform pressure. Generally the use of hydraulic jacks 
is to be preferred to driving. 

Stovepipe casing is likely to pull apart in fine sands unless it is 
riveted before being sunk. To prevent this a substantial footing 
for the casing must be found. 


SCREW CASING. 
Screw casings may be standard wrought-iron pipewith ordinary out- 


side couplings. For heavy driving extra strong pipe, threaded to per- 
mit the ends to butt, and line pipe couplings should be used. “ In 
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gerted-joint ” casing has one end of each length threaded inside after 
being expanded slightly, thus reducing the resistance when the cas- 
ing is being lowered. Joints so made will stand very little driving. 
Casing may be obtained in a number of weights, such as light well 
casing, about half as thick as standard pipe, standard, and extra 
heavy pipe. When screw casing is used, whether with standard 
couplings or inserted joints, a steel drive shoe must be screwed or 
riveted to the bottom or upon the starting joint. Such a shoe should 
be of a thickness which will stand aldky driving through hard 
strata or against bowlders. It is usually from three-fourth inch 
to 1 inch thick when used with large sizes of casing and from five- 
eights to three-fourths inch thick for sizes below 10 inches. 


RIVETED CASING. 


Riveted casing, composed of rolled-steel sheets, in sections from 14 
to 24 inches in length, and plain or galvanized to resist rust, is fre- 
quently used. It is inconvenient to handle and will stand only light 
driving, and generally must be forced down by hydraulic pressure 
ora lever. It is often used in diameters over 20 inches for pits or 
dug wells, the weight of iron being proportioned to the diameter 
and the depth of the well. This casing usually may be obtained 
locally, especially in galvanized iron, which may be made at sheet- 
metal shops. If of heavy iron it must be obtained from boiler or 
sheet-iron manufacturers at prices varying according to the gauge. 

If heavy-riveted casing is used it may be strengthened at the joints, 
the weakest parts, by butting the ends together and using inside or 
outside collars riveted to each section. This precaution is necessary 
if the casing must be forced into a hard formation, and some kind of 
drive shoe at the bottom will be needed to prevent battering of the 
casing by bowlders or hard material. 


STRAINERS. 


Strainers have had their principal use in fine sand formations, 
but it has been found that where the water-bearing strata are of 
sand so fine as to call for special strainers wells are likely to fail 
anyhow, and the expense of strainers added to their uncertain action 
has led to discontinuance of their use in many sections. Gravel in- 
serted in the well around the casing is now frequently used success- 
fully in place of a strainer at much lower expense. (See p. 8.) 

If conditions seem to call for use of a strainer it should be of a 
type known to be successful in similar formations.* Some water may 
be pure enough for irrigation but still contain enough salt to corrode 
certain metals to the extent of closing the openings, so rendering the 
strainer useless, and this fact aaah also be kept in mind when 
considering the use of a strainer. 


PERFORATIONS. 


serie may fail to supply the amount of water they are capable 
of yielding because of insufficient perforation of the casing. While 
no definite rule can be given, it is recommended that as many per- 





*For a description of strainers, see Water-Supply Paper 257, U. 8. Geological”Survey, 
Well-Drilling Methods, by Isaiah Bowman. 
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forations as possible be put into the shell of the casing opposite the 
water strata without dangerously weakening the casing. As much ag 
40 per cent of the metal can be cut away, but the proportion must by 
varied according to the shape and size of perforations, determined 
by the materials to be screened. Three or four slits should be madg 
in each ring or circle, a space of 3 or 4 inches skipped, and a second 
ring or circle of slits then made, staggered from the preceding get, 
Under any conditions the proper perforating of casing in place jg 
difficult to effect, and it would be well for the farmer to request 4 
visible test of the efficiency of the apparatus before en attempt iy 
made to perforate the casing underground. Many wells which do 
not produce sufficient water after the first set of perforations is madg 
are much improved by repeating the operation. 


THE DOUBLE-CASING WELL. 


The double-casing or gravel-screen type of well is often very sat. 
isfactory in certain sections of the West. In drilling this well a 
large temporary casing is used. After the well is drilled a pro 
fusely perforated casing is centered in the temporary casing and a8 
the temporary casing is withdrawn a screen of fine grave) or crushed 
stone is placed around the inner casing (see fig. 3). The gravel 
or stone filling should extend to the surface. Usualiy the screen 
should be at least 6 inches less in_diameter than the temporary 
casing, to insure ease of insertion. If it is necessary to be sure of 
placing a continuous covering of gravel around the permanent cas 
ing a space of at least 4 inches should be left between the screen and 
the outer casing when the former is in place; otherwise the gravel 
may clog in spots and be distributed unevenly. 

When properly made this type of well has many advantages over 
the type in which the casing is perforated in place, chief of whichis 
the material increase in open space per linear foot of well. More- 
over, the gravel screen is useful in fine sand formations in holding 
back a portion of the sand and so preventing caving. The continuous 
screen of gravel insures free entry of every stratum of water, whereas 
in perforating a casing after it is in place the perforator may miss 
some of the water-bearing strata unless accurate records are kept 
during the drilling process and careful measurements are made dur 
ing the perforating. 

This device requires that the temporary outside casing be jointed 
strongly enough to permit pulling from the well. Stovepipe casing 
will not withstand this operation, but is sometimes used as the outer 
casing, being left in the well with the inner casing and the inclosed 
gravel screen. Where this plan is followed the outer casing, which 
is of large diameter (18 to 24 el is first sunk and perforated 
opposite the water-bearing strata. The inner casing may be of the 
stovepipe type or a jointed pipe which is perforated during man 
facture; if stovepipe casing is used it likewise is perforated befor 
insertion. Crushed gravel is inserted between the two — after 
both are in place. This makes an expensive installation, but ome 
which has proved successful in many instances. It has the special 
advantage in some formations of affording a double protection to the 
bowls of a deep-well turbine centrifugal pump, which might be los 
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or rendered ineffective by the distortion or collapse of a single casing 
as the result of caving. 


THE OPEN-BOTTOM WELL. 


Many successful irrigation wells have been obtained in stratified 
formations, such as are found in the interior valleys of California, 
by making what is commonly known as an open-bottom well. In 
this type of well the bottom of the casing is open and all or part of 
the water enters through this open end. Such a well often is im- 
proved by perforating the casing to admit water from some higher 
stratum in addition to that coming from below. 

The condition most favoring an open-bottom well exists where the 
lowest water stratum tapped underlies a hard, impervious material, 
such as clay, hardpan, or sandstone, in which the casing can be em- 
bedded firmly to form a foundation for the column and act as a seal 
to prevent water from carrying sand down from above, outside of 
the casing. The presence of the impervious layer or layers is essen- 
tial to the success of the well. As an added precaution the hole bored 
through the hard stratum should be at least 2 inches smaller in diam- 
ever than the casing. 

The impervious stratum acts as a roof over the water-bearing 
stratum from which, if it is fine sand, the fine materials will be 
pumped out gradually until a large cavity is formed in the bottom 
of the well. Under such conditions it is necessary that the imper- 
vious stratum be hard and thick enough to prevent serious caving. 
Should the roof give way under test, it will be necessary to drive the 
casing through the water-bearing stratum and embed it in hard ma- 
terials below. Perforations can then be made opposite the water and 
the open-bottom well will be changed to a closed-bottom well. 


WELL DEVELOPMENT AND TESTING. 


A very serious and common mistake is made by the purchase of 
pumping equipment before the well is developed and tested thor- 
oughly. Often wells increase in capacity with the first pumping. 
This is especially true when the water-bearing material contains fine 
sand, clay, or silt which can be removed by pumping. Heavy — 
ing is therefore often desirable before a test is run, It is impossib 
for manufacturers to supply efficient pumping machinery without ac- 
eurate information as to the conditions under which the plant must 
work, and they should be furnished with the following information 
when their estimates of cost are requested : ° 

i} {nside diameters of the well with lengths of each size of casing. 

2) Total depth of the well. 

(3) Depth to water table below the surface of the ground, and an 
estimate of probable seasonal fluctuations. 

(4) The vertical and horizontal] distances water must be pumped 
from the surface in the well with kind of pipe to be used. 

(5) Distances water will drop in the well wha different quantities 
are pumped. 

(6) Probable economical draw down and ultimate capacity of the 
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The first four factors can be ascertained from the driller’s log of | 
the well and by direct measurements, but factors 5 and 6 can be deter. 
mined only by a pumping test. Two plans for testing wells ape 
practicable: 

Test PLAN No. 1. 


This is adapted to wells where the water level is 25 feet or leg 
below the surface and general conditions indicate that, for the per. 
manent installation, a horizontal centrifugal pump can be used on 
the surface or in a pit. 

This test calls for a tractor or other temporary power, and a hori- 
zontal centrifugal pump sunk into a temporary pit in such way that 
a belt can be sloped to it from the tractor. A fair test of the average 
well may be obtained with a pump of about three-fourths the ca- 
pacity of the permanent one. The smaller outfit will not develop 
a well as thoroughly as may be done by use of an oversized pump, but 
an accurate estimate of the rate of increased capacity per foot of 
draw down can be made, and from this information the proper econ- 
omical draw down and final yield of the well can be estimated closely 
enough for designing purposes. 

As the excavation and curbing are expensive, it is advisable for 
the farmer to put in a temporary curb. This may be 20 feet deep or 
less, to set the pump near the water table. A pump set about 5 feet 
above the water table is capable of handling a 15-foot draw down, 
which affords fair indication of future performance. 


Test PLAN No. 2. - 


This is adapted to wells where the water table is 20 feet or more 
below the surface and general conditions indicate that the draw 
down will increase the lift to approximately 50 feet or more. It 
calls for a deep-well turbine pump or an air-lift outfit. Occasionally 
the best equipped well drillers have outfits of this kind, and where 
they are readily available plan No. 1 should not be considered, as the 
deep-well outfits are as advantageous in developing as in testing wells. 

When conditions indicate that a turbine pump should be used for 
the final plant, manufacturers often agree to install a pump as near 
the proper size as they can select on the basis of the known condi- 
tions. The well is then tested, as in test plan No. 1, by driving the 
pump with a tractor or other temporary power. Such an arrange- 
ment is entered into with the understanding that the manufacturer 
will add or subtract bowls and column lengths of pipe at specified 
unit costs and refunds, as required by the conditions brought out by 
the test. The result of the test will indicate the horsepower needed 
to drive the pump most economically, and on this basis an engine 
of correct size should be installed or the belt head replaced with a 
direct-connected electric motor where electric current is available. 

The average well should be developed slowly by controlling the 
discharge of the test pump with a gate valve. Where sand appears in 
the water first pumped, the plant should be run with a uniform dis- 
charge until the water begins to clear. Then the gate valve can be 
opened until larger quantities of sand appear in the water, this opera- 
tion being repeated until the capacity of the pump or well is reached. 
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When this development process is started, everything should be in 
readiness so that there will be little likelihood of having to stop the 

ump before the well has been pumped thoroughly. This is especially 

esirable when fine sand must be contended with, as stoppage of 

umping too soon may cause clogging of the well or pump. In other 
ynstances where difficulty is experienced in starting the flow, it may 
be advisable to fluctuate the discharge in order to agitate the water 
in the well. 

After a well has been pumped for development for several hours to 
the maximum capacity of the well or of the testing apparatus and 
there is no apparent fluctuation in the discharge of water, a correct 
measurement of the flow should be made and the draw down below 
the static water level noted. The gate valve on the discharge pipe 
should then be partially closed sale the vacuum gauge indicates ap- 


16.5' PROBABLE ECONOMIC DRAW-DOWN 
GIVING 1000 6.RM. 


GALLONS PER MINUTE 
Fic, 1.—Typical well test chart. 


proximately 4 feet of draw down below static level. (The vacuum 
gauge reads in mercury inches and to convert into feet of head the 
reading should be multiplied by 1.14.) After running about 15 
minutes at approximately this level, the discharge and the draw down 
should be measured accurately and the valve opened until the gauge 
indicates 6 feet of draw down. This operation should be repeated 
with 2 feet draw. down intervals until the capacity of the well has 
again been reached. In this way enough readings may be obtained 
to indicate the performance of the well at different lifts. 

The test should then be plotted graphically on a chart similar to 
that shown in Figure 1. The vertical scale represents draw down 
in feet and the horizontal scale discharge in gallons per minute. 
The rate of increase in flow per foot of draw down is indicated by 
the general slope of the line connecting the test points plotted on 
the om and the projection of the line beyond the last test point 
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Fig. 2,—Hiectrically driven deep well turbine pump, show- 
ing apparatus for determining draw down. 


gives an indication 
of what may be ex- 
pected if pumping 
be continued. In 
this way a safe eco- 
nomic lift can be 
assumed and the 
factors determined 
which are necessary 
for the design of 
machinery to fit the 
well. 

The best way to 
measure the water is 
by use of a farmer's 
weir set, either in a 
properly designed 
box or in the bank 
of a small earthen 
reservoir made for 
the purpose.’ 





DETERMINATION OF 
DRAW DOWN. 


When a well is 
being tested with a 
centrifugal pump, 
the draw down can 
be determined ap- 
proximately by 
means of a vacuum 
gauge placed on the 
suction ell or flange. 
The depth of water 
level below the gauge 
top may be deter- 
mined by direct meas- 
urement, or from the 
vacuum gauge after 
the pump has been 
primed, unless a foot 
valve is on the suc- 
tion pipe. In that 
case, 1f it is not feas- 
ible to make a direct 
measurement before 
the pump is started, 
the air-line measure- 
ment described later 
is a convenient 
method of getting 





™See Farmers’ Bulletin 
818, Construction and Use 
of Farm Weirs. 
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the depth. In any case, the vacuum gauge indicates the draw down 
below the pump when the latter is discharging water. 

Figure 2 illustrates a convenient‘and accurate way to determine 
the draw down where a test is made with a turbine pump. A one- 
uarter inch air tube of known length is placed in the weil along- 
side the turbine. This tube should be long enough to reach below 
the level of the probable maximum draw down. To the upper end 
of the air line are attached a pressure gauge, an automobile inner 
tube valve or one similar, and a hand air pump, in such a way that 
all the water can be forced out of the tube and the air pressure 
necessary to do this read on the gauge. The gauge reading indi- 
cates the depth of the tube’s submergence, and this, when converted 
into feet of head and subtracted from the total length of the tube, 
gives the depth to water below the pump at any stage of the test. 

The following equations should be used in the test (see fig. 2) : 

Let 7’ = Total length air tube in feet. 

W = Depth in feet to static water level. 

D = Draw — in feet, at any stage of test to correspond 
with G. 

S = Depth in feet to which air line is submerged. 

G = Pressure-gauge reading, in pounds per square inch, at 
any stage of test. 

(1) Then 7’= W+D-+LS. 

(2) D=T—W—S. 

As 1 pound pressure (gauge reading) =2.31 feet of head, 

(3) Then S=2.31 G. 

(4) Substituting, D—7—W—2.31 G. 

When the pump is not running, )=zero, and W can be deter- 
mined by 

(5) W=7T—2.31 G. 

For example, and referring again to Figure 2, it is assumed that 
the total length of air line, 7=100 feet. Then to determine the 
distance to static water level, W, before the test is started, all water 
should be forced from the air line by use of the air pump, causing 
a gauge reading, G=say, 344 pounds per square inch. 

Substituting values for 7 and @ in equation (5) 

W=100—2.3134.5=20.30 feet 

To determine the ultimate draw down or the draw down at any 
stage of the test: The water is forced from the air line as in the 
preceding example and the pressure gauge @ is read. It is assumed 
that the reading is 21.5 pounds per square inch. 

Substituting values for 7, W, and @ in equation (4) 

D=100—20.30—2.31 X21.5=30.04 feet 

Should this value of D equal the ultimate draw down in a test, 
then the total lift in the well would be D+ W=30.04+-20.30=50.34 
feet, and this value would be used in designing the plant. 


BATTERY OF WELLS. 


A battery of wells consists of several wells connected to a central 
umping unit. This method is applicable where natural conditions 
imit the ground water available for pumping to one or two shallow 

strata of sand which give up water very slowly. This method is 
limited further to formations which carry a tony constant ground- 
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water table in order to avoid the necessity of lowering and raising 
the pump unit to keep the pump within suction limits. 

In this instance the central pump unit is a horizontal centrifugal 
pump on or near the surface where the ground-water level is constant 
and is within 20 feet or so of the surface at full draw down; or this 
unit may be placed in a central pit to a depth usually not greater 
than 20 feet where the water level while pumping recedes to 30 or 35 
feet from the surface. Usually the suction line which connects the 
several wells to the central pumping unit is laid in a trench or a 
tunnel just above the water table at maximum level. The pump is 
primed by means of an air pump connected with the top of the pump 
shell. Great care must be exercised to prevent air leaks in any part 
of the suction line. 

Ordinarily the battery of wells is located in a straight line alon 
the boundary fence at the upper end of the land to be irrigated, 
Water enters the wells from all directions, due to the cone of de- 
pression in the ground-water table when the pump is operating; 
hence it is seldom necessary to place the line of wells at right angles 
to the line of flow of the ground water. F 

Where water under pressure may be developed from deep forma- 
tions and released into a porous stratum it may be elevated to the 
surface by means of a deep-well pump which is designed to take care 
of considerable variation of ground-water level. This method of 
ground-water development has replaced to a great extent the battery 
method formerly used in several sections of the West. 





PUMPS. 






The horizontal and vertical centrifugal, the deep-well turbine 
centrifugal, and the plunger and air-lift pumps are the types most 


commonly used and best adapted to raising water from wells for 
irrigation. 






















HORIZONTAL CENTRIFUGAL TYPE. 


Usually the horizontal cenirifugal pump (fig. 3) is the cheapest 
in first cost and operation and the most reliable. Further advan- 
tages are: Comparatively light weight, lack of valves and parts that 
wear out rapidly, simple operation and maintenance, and high efli- 
ciency in raising large quantities of water through moderate lifts. 
It is especially adapted to pumping 250 gallons per minute or more 
where the suction Eft is not over 20 feet and for pumping from a 
battery of wells when the lift is low. A centrifugal pump can not 
be operated when submerged, and it can not be used where the 
change of water level due to pumping exceeds 20 feet, the practical 
limit of suction lift, unless it is placed in a waterproof pit below 
the static water level. If the draw down of the water during pump- 
ing is not more than 40 feet below the ground surface, this pump 
can be installed in a pit and direct-connected to an electric motor 
or belt-connected to engine or motor at the ground surface. Fifteen 
feet is usually considered the maximum depth of pit for this type of 
pump when belt-driven. 

When the total lift exceeds from 100 to 150 feet, the horizontal 
and the vertical centrifugal type described later are usuall 
“staged.” Staging means the multiplication of runners or impel- 
lers, each of which repeats the work of the preceding one, the com- 
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Fig. 3.—Electtically driven horizontal centrifugal pump in pit. 
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To maintain a constant discharge with lowering water level, the 
speed of the pump must be increased. This generally results in 4 
decreased efficiency unless the runner is chauged to fit the altered 
situation. 

VERTICAL CENTRIFUGAL TYPE. 


The vertical centrifugal type differs from the horizontal type in 
that the impeller is operated by .a vertical shaft, which may i of 
considerable length. Many early wells in locations favorable for 
pumping were of 10-inch diameter, and this type of pump was 
especially adapted to such conditions if the lift did not exceed 50 
feet. The pump is set in the bottom of a pit below water level and 
is driven by an electric motor or engine belt-connected to a pulley 
at the top of the shaft on the ground surface or, it may be, operated 
by a direct-connected vertical electric motor. The vertical shaft 
must be supported by a framework to prevent excessive vibration. 
The chief advantage of a vertical over a horizontal pump is that 
it may be used with an internal-combustion engine for higher lifts, 
since the length of belt between pump and engine pulleys need never 
be excessive and a belt-way need not be built. This pump may be 
used where the water level fluctuates more than 20 feet, since it may 
be placed near or below the level of greatest draw down. In facet, 
the pump is usually submerged to lessen suction lift. On the other 
hand, the same restrictions as to the depth at which the pump is 
set due to pit construction apply to the vertical pump. The dif- 
ficulty of effecting proper lubrication of pump and shaft bearings is 


likely to be troublesome. Vertical centrifugal pumps cost more 

than horizontal pumps of the same capacity. To the cost of the 

pump itself must be added the cost of a rigid framework with bear- 

ings to support the vertical shaft, and consideration must be given 

to the loss of peut involved in the operation of the drive shaft, 
1 


vibration of which is difficult to prevent as the bearings wear. In 
many sections, the use of this pump for irrigation is giving way to 
the deep-well turbine centrifugal pump. 


DEEP-WELL TURBINE CENTRIFUGAL. 


The deep-well turbine centrifugal pump, often called the “ tur- 
bine” type, is much used in irrigation. It is similar to the vertical 
centrifugal type in that it has its impellers or runners incased in 
shells or bowls and is driven with a vertical shaft, which is not, how- 
ever, supported by a framework. It usually consists of two or 
more bowls arranged tandem, 12 to 80 feet constituting a stage. 
(See fig. 2.) The name “turbine” comes from the diffusion vanes 
which guide the water from impeller to impeller. The principles of 
operation of this pump are the same as those previously described 
The chief differences are its compactness and its adaptability to 
insertion in cased wells at considerable depths. Wells 10 inches in 
diameter and even smaller may be pumped, but with less efficiency 
than in the larger sizes, which occasionally are 24 inches in diameter 
or more. If the capacity of the well justifies a larger pump than 
will go into the a the upper part of the casing is enlarged as 
far down as is necessary to accommodate the bowls and the suction 
is extended into the smaller casing, or in certain instances attached 
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Models is the sliding rail base on which the working head is built. 
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directly to screw casing. It is especially adapted to lifts varying 
from 50 to 250 feet. 

The deep-well turbine pump has an advantage over the horizontal 
and vertical centrifugals in that it is far less restricted as to lift. 
Lubrication being effected from the ground surface, the depth at 
which the pump is set is limited neither by the expense of pit con- 
struction nor difficulty in attendance, but only by the cost of opera- 
tion and by mechanical limitations of the pump itself. High lifts 
and large volumes of water are handled without difficulty. As in 
the case of the vertical centrifugal, the turbine pump is operated 
by means of an engine or motor at the ground surface belted to a 

ulley on the vertical shaft or is direct connected to a vertical motor 
incorporated in the pump head. 

The turbine type is more expensive than either the horizontal or 
vertical centrifugal pump. It is not adaptable to pumping from two 
or more wells simultaneously. It is generally efficient and gives little 
trouble when properly installed. It is best suited to installations 
where the water level is more than 50 feet below the ground surface or 
in other circumstances where the water level fluctuates widely. Its 
principal disadvantage, besides its comparatively high first cost, lies 
in the expense and difficulty of making repairs, which usually involve 
the withdrawal of the entire pump from the well. 

Manufacturers are likely to emphasize the ease with which this 

ump may be lowered to meet the requirements of a lowered water 
table, but this usually requires the installation of additional bowls 
or stages necessitating the removal of the entire pump from the 
well. Consequently, the expense of reassembling the pump and 
fitting additional bowls or stages should be considered in making a 
selection. 

PLUNGER TYPES. 


The plunger pump commonly used on the farm to raise water for 
domestic purposes may be utilized in irrigating very small areas. The 
plunger pump generally used and probably best adapted to pumping 
from wells consists of a brass cylinder in which operate two plungers 
with valves. (See fig. 4.) The lower plunger is connected to a solid 
rod which fits into a hollow rod to which the upper plunger is con- 
nected. The plungers are operated in such a way as to make the 
pump double-acting, one plunger being on its down stroke while the 
other is moving upward, so producing a fairly continuous discharge. 
Above the cylinder, and connected to it, is the vertical discharge pipe 
through which the water is forced by the action of the plungers. 
The pump is set in the casing with the plungers under water. At the 
surface of the ground the pump rods are attached to and driven by 
a power head, through gears, levers, or eccentrics. The power head, 
in turn, is driven by a motor or engine. The size of the cylinders 
ranges from 6 to 16 inches in diameter and the number of strokes 
varies from 16 to 24 per minute, ranging in length from 28 to 36 
imches. By ingenious devices in some makes the downward stroke 
of each plunger is faster than the upward stroke. There is thus 
a lap in the strokes of the two plungers which does away with the 
tendency, otherwise present, for the flow of water to diminish when 
the two plungers are on dead center. A desirable feature of recent 
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Working 


This permits the 
machinery to be slid 
back out of the way 
when the plungers 
or cylinder must be 
pulled. 

The plunger pump 
is best adapted to 
irrigation where 
comparatively small 
quantities of water 
must be raised from 
o— depths. When 

rst installed, it has 
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Fic, 4.—Electrically driven deep well plunger pump. 


of any pump, and 
under favorable 
conditions, if prop- 
erly cared for, gives 
little trouble. On 
the other hand, its 
first cost is high. 
The leathers, valves, 
and cylinders wear 
quickly where sand 

water is pumpal 
and if high eff- 
ciency is to be main- 
tained, repairs must 
be made at consider- 
able expense and 
loss of time. This 
type has its widest 
use in the irrigation 
of orchards in south- 
ern California, 
where small quanti- 
ties of water are 
pumped against 
very high heads at 
an expense war- 
ranted only by the 
value of the irm- 
gated crops grown 
there. 

AIR LIFT. 


The simplest type 
of air lift consists 
of a discharge pipe 
which is inse 
into the well to 4a 
depth below the wa- 
ter surface of a 
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least twice the vertical distance of the water from the ground surface; 
an air pipe extending from a compressor to the bottom of the dis- 
charge pipe and connected to it by a casting specially designed to 
distribute the air evenly; and a tailpiece which forms a slightly 
enlarged extension of the lower end of the discharge pipe below the 
point where air is admitted. The compressor forces the air deep into 
the water, where it is released and rises to the surface, forcing a 
quantity of water up with it. 

The absence of complicated working parts beneath the surface of 
the ground is an outstanding advantage of the air lift. Sand and 
other material may be removed with the water without harm to the 
pump. If proper submergence is possible the pump may be adjusted 
to a lowering water level, and is particularly adapted to pumping 
several wells from a central power house. An air-lift pump is also 
adapted to a crooked well in which a turbine pump can not be set. 

The air-lift pump is relatively costly because of its power unit. 
Depreciation and fixed operating charges are low, but the efficiency 
is also low, and because of the low efficiency this type of plant is 
not well adapted for pumping for irrigation except under special 
conditions, such, for instance, as a number of deep wells in close 
proximity to each other, all having sufficient depth of water to afford 
proper submergence. 

OTHER TYPES. 


The pumps already described are those chiefly used in irrigation 
from wells, and it is advisable to go slowly in the purchase of any 
new and untried type, no matter what the principle of operation 
may be. Improvements constantly are being made in pumping 
apparatus, but the advantages of innovations should be demonstrated 
and well understood before they are adopted. 


SELECTION, INSTALLATION, AND OPERATION OF PUMPS, 


Under ordinary circumstances the horizontal centrifugal type is 
best adapted to lifts of 50 feet or less. If electric power is not avail- 
able, 40 feet is usually considered the maximum lift for the hori- 
zontal centrifugal. Lifts from 50 to 75 feet may be managed by 
vertical centrifugal or turbine pumps as particular conditions may 
direct. The turbine pump is best adapted to lifts from 75 to 150 
feet. There is a range between 150 and 250 feet where selection is 
possible between turbine and plunger types, but the deep-well tur- 
bine centrifugal type is best for pumping large quantities of water 
within this range of lifts. The plunger pump is to be considered 
when the depth to the water is great and the quantity of water to 
be pumped is not more than 500 gallons per minute. The air lift 
is restricted neither as to lift nor quantity of water to be pumped, 
but its low efficiency should limit its use to the special conditions 
already mentioned. 

All three types of centrifugal pumps should be ordered to fit given 
conditions of lift and capacity. Too often the only condition stipu- 
lated by the farmer ordering a horizontal or vertical centrifugal 
pump is that it discharge a specified quantity of water, but it should 
be remembered that it is possible to obtain widely varying quanti- 
ties of water from a centrifugal or turbine pump by varying the 
speed of its operation. Hence an unscrupulous pump dealer can 
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convey a false impression as to the capacity of a pump by forcin 
it to an uneconomical and inefficiant speed. ‘There is only one set 0 
conditions of discharge and speed under which centrifugal pumps 
will operate for a given head at maximum efficiency. A pump 
bought in ignorance of this fact, with cheapness as the main con- 
sideration, will prove more costly in the long run than the more ex- 
pensive but efficient pump. 

The approximate capacities and efficiencies of different sizes of 
centrifugal pumps (not including the turbine type) are given in 
Table 1. In ordinary practice a good pumping plant, properly in- 
stalled, should easily reach the efficiency shown. 


TABLE 1.—Typical capacities of centrifugal pumps and horsepower required 
for their operation under average conditions, 


| si 
inl we te | seenaat ok fe Actual 
centrif- | charge | horse- Effi- mae centrif- | charge horse- EM- noc 
ugal er power | ciency. po foot ugal per power | ciency. es foot 
pump. | minute. | per foot eit : || pump. | minute. | per foot i fhite? 
of lift. or hiit.? of lift. of lift. 





U.S. gals. Per cent. \0.S. gals, Per cent. 
1 7 . 17! 62 to 66 
| 


00 0.025 |40to45 | 0.06 
150 038 |45to50 | 
225 .056 |50t055 | 
300 -075 | 55 to 60 | 
400 .100 | 60 to 62 | 


‘ 66 to 68 
1, 200 j 68 to 70 
1, 600 4 70 to 74 


PIO 


1 Above efficiencies are for pumps properly designed and installed for heads of 40 to 60 feet, Plant effi- 
ciencies can be estimated by subtracting 10 per cent for direct-connected electric motors and 17 to 22 per 
cent for helt-connected power. 

2 Efficiencies taken as the lower in preceding column. 


The amount of power lost in forcing a given quantity of water 
through a pipe varies with the length, size, and kind of pipe, the 
number and sharpness of bends, and the valves and other obstruc- 
tions to flow. When a bend must be made in the discharge or suc- 
tion pipe, a long-radius elbow should be used if possible, The suc- 
tion pipe must be air-tight and should extend at least 20 feet below 
the level to which water will be drawn. The discharge pipe should 
be carried no higher than necessary, as each foot in height increases 
the cost of pumping. 

Unlike aaitians pumps, the discharge of the plunger pe 
can be varied by changing the speed without any sacrifice of effi- 
ciency. It should not, of course, be operated at a speed which will 
cause excessive wear. In order to reduce friction loss, suction and 
discharge pipes should be of sufficient size and have as few short 
bends as possible. This is likewise true of air-lift pumps. The 
discharge pipe or column of the air-lift pump should be large 
enough to keep the velocity of the water below 5 feet per second. 


POWER UNIT. 


Ample power must be available to operate a pumping plant with- 
out overloading the engine or motor. As a precaution the plant 
should be designed to meet a load 10 per cent greater than the 
estimated requirement. The power necessary to lift water is meas- 
ured in horsepower. One theoretical horsepower represents the 
energy required to lift 33,000 pounds 1 foot high in 1 minute, 
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Table 2 shows the actual horsepower needed to lift different quan- 
tities of water to elevations of 10 to 300 feet, assuming the efficiency 
of the plant to be 50 per cent. Oil engines ‘and motors usually are 
rated on brake horsepower. Engines and motors manufactured 
by reputable firms will deliver their rated horsepower, and in 
emergencies motors are generally good for a small overload for a 
short run; but it is never wise deliberately to overload either oil 
engines or motors, as difficulties in operation are almost certain 
to follow. 


TABLE 2.——Horsepower required to lift different quantities of water to elevations 
of 10 feet to 300 feet. 


[Efficiency of pumping plant, 50 per cent of theoretical. Use for estimating purposes only.] 


Gal- Cubic Elevation in feet. 
lons | feet Kniss rapids = Eres ses 
per | | ] l 7 
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. |h. p. E p. h.p. jh. p. ‘es p.}h. p. ~ p. | 


a 5. : 
| 22. 50} 26.25} 30.00} 2 


5 26. 25) 30. 62} 35. 
0} 30. 00} 35. 00 
2| 33. 75} 39. 3: 


~I 
ou 


SRSRSS 


25 
y 
5 
| 37. 50} 43. y 
27. 00/30. 00)37. 50) 45. 00) 52. 50} 60. 00) Y 
31. 31. 50/35. 00/43. 75| 52. 50] 61. 25] 70. 00) 8 
00/40. 00150. 00| 60. 00} 70. 00} 80. 00}100. 
a. Sa, 00156. 25) 67.50] 78. 75} 90. 00/112. 50}12 
45, 00/50. 00/62. 50} 75.00} 87. 50/100. 00/125. 00 
. 00456. 25462, 50,78. 12} 93. 75} 109. 38125, 00|156, 25] 18 
. 00)67. oot. 00,93. 75,112. 50}131. 25 25} 150. 00/187. 50|2 


6.06 oop. Olle: Cn 00: 
7. 00110. 50 14. 00/17. 50/21. 00 
8. 00} 12. 00) 16. 00/20. 00/24. 00 2% 
9. O0}13. 50 18. 00 22. 50)27. 00 


. 50/18. 75 25. 00/31. 2: 
song 50/30. 00:37. 
| 


of. 
oo. 


2 
5 
7 
2 
50) 
50, 


é -EREEABERS @ 


22BS2BRERE: § 
wre & 
— 


we OF Oe = OO 
eegncceusies 


CNWNNER EEE, 











Lifts and quantities may be derived from the following formula: 
g.p.m. xX A 


Horsepower = 4,000 ~ OE 
Where g. p. m. = Gallons pumped per minute. 

Total head in feet against which pump must 
work. This includes the total vertical lift. 
plus frictional and other losses. 

E = The efficiency of the pump. 

The horsepower in this instance is the power applied at the pump 
pulley. The efficiency usually specified by the pump manufacturer 
is the # used in this formula. It must be ‘kept in mind that friction 
caused by the movement of the water in the suction and discharge 
P! es, and obstructions to the flow caused by bends, valves, etc., 

er further resistance which must be overcome by the pump. These 
Toners converted to feet of additional height through which the water 
must be lifted, are taken into account in the A in the above formula. 
In Table 2, the horsepower of the engine or motor specified is taken 
as twice the horsepower theoretically required, this being the usual 
oe with pump manufacturers. However, as indicated in Table 

1, the value of / increases with the size of the pump. 


THE ELECTRIC MOTOR. 


Where electric current is obtainable at reasonable cost, it is the 
most satisfactory source of power for irrigation pumping. Electric 


























































92 Farmers’ Bulletin 1404. 


motors combine reasonably low cost, safety, high efficiency, reliability, 
and ease of operation. 

The range of speed in the various sizes of electric motors is such 
that they are readily adapted to the operation of pumps. The elee- 
tric motor, not requiring constant attention, may be direct connected 
to the pump shaft, so eliminating friction and slippage losses due 
to transmission through gears or belts. 

Direct-connected electric plants are compact and require less 
housing than plants of other types, and avoid the trouble of pur- 
chasing, hauling, and storing fuel. The following rates are charged 
by a California company supplying current to many pumping plants, 
They give a fair idea of the cost of such service. 


TaBLe 3.—Rates charged for electricity. 


Energy charge in addition to the demand charge; 
rate per kilowatt hour for consumption per 
horsepower per year of— 


Annual 

demand 

Size of installation (horsepower). charge per —— 
horse” | First 1,000 | Next 1,000 | Next 1,000 | _All over 

Pp : kilowatt kilowatt kilowatt | 3,000 kilo- 

hours. hours. hours. watt hours, 





Dollars. Cents. Cents. Cent. Cent. 
i 0. : 0. 


= 
“75 


ees 
Soe DD 

os ee 
corn 
aun 





1 In no case will the total annual demand be less than $13.20. 


Any consumer may select at his option the following rate instead of 
the demand and energy rate set forth above: 





Rate per kilowatt hour for consumption per horsepower per 
Annual year of— 
minimum 
Beane of connected charge per 2 « 


horse- | First 300 | Next 700 | Next 1,000| Next 1,000] All over 
power. kilowatt | kilowatt | kilowatt | kilowatt | 3,000 kilo 











hours. hours. hours. hours. watt hours. 

Dollars. Cents. Cents. Cents. Cent. Cent. 
19.06 3.8 1.6 1.2 0.9 0.7 
8.00 3.4 1.4 LS 8 Pe | 
7.50 3.0 1,2 1.0 8 of 
7.00 2.6 1.1 9 -75 7 





1 In no case will the total minimum charge be less than $27 per year. 


Some companies supply current at flat monthly rates, and one 
such enterprise, to encourage continuous use of power, quoting its 
rates upon “the connected load in motors or other utilization equip- 
ment which can be connected at any one time to the company’s sup- 
ply system,” allows the consumer to use electric energy, under certain 
conditions, for operating small motors to cut alfalfa or other feed, 
grind corn, operate cream separators, pump water for domestic pur- 
poses or for stock, or for like purposes. 

Where electric power is to be utilized, frequently several miles of 
ower line must be provided in order to tap the main line of some 
arge power company, and secondary lines must be constructed to 

each pumping plant. The cost of these power lines, especially 
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when they are long, is an important item in the cost of pumping 
plants. Ordinarily it is met at first by the consumer; but some 
companies divide it with their customers or refund it in service. 


THE INTERNAL-COMBUSTION ENGINE. 


Internal-combustion engines are efficient and with proper care 
will continue to be so through a comparatively long life. This is 
especially true of the Diesel and semi-Diesel types, which are ordi- 
narily adapted, however, only to installations of large size. It is 
commonly regarded that an engine will last from 8 to 12 years. 
Some farmers pump water only a few days per week or only a few 
hours per day, others operate their plants continuously day and 
night, and the length of the irrigation season varies widely in differ- 
ent localities; hence the life of an engine used to operate a pumping 
plant can not be estimated closely in years. Its life in hours de- 
pends upon three factors: The quality of metal and workmanship 
put into its manufacture, the load it operates under, and the atten- 
tion given to its operation, and the fuel used. The first factor is of 
interest to a purchaser, but internal-combustion engines usually 
are well built and are delivered in good condition. 

A heavily loaded engine will not last as long as one lightly loaded, 
a load of 75 to 80 per cent of the rating of the engine usually being 
the safe maximum. A substantial foundation is necessary to re- 
duce vibration; and the distance between, comparative elevations, 
and alignment of pump and engine pulleys should be such as to avoid 
belt trouble. Instructions regarding these matters are furnished 
by the pump or engine company from which the purchase is made. 
An engine should have a good sight-feed lubrication and an ample 
cooling system. Poor lubricating oil should not be used. Proper 
housing of an engine is important, particularly in a country where 
freezing weather or sandstorms occur. The housing should be as 
nearly dustproof as possible. Dust, dirt, grime, rain, and neglect 
cause rapid depreciation. Every engine should be cleaned at regular 
intervals, and bolts, springs, valves, and other parts should be ex- 
amined and necessary repairs made. 

Suitability of fuel is a big factor. One obstacle to the continued 
use of the internal-combustion engine for pumping in recent years 
has been the uncertainty about securing a supply of fuel oil at 
prices making its use practical, and it is well to select an 
engine which will run on more than a single grade of oil. An engine 
using the heavier grades of oil had best be chosen, since it will work 
with the lighter oils when the cheaper grades are not available. How- 
ever, it is false economy, when proper oil is available, to try to burn 
cheap oils which are too heavy or contain too much asphalt. 

Clean combustion is very important in prolonging the life of an 
engine. A smoky exhaust indicates a foul, dirty cylinder, injurious 
deposits, and rapid wear. Engine performance depends principally 
on the condition of cylinders and piston rings; other parts can be 
maintained in good order with occasional small expenditures. 

Difference in atmospheric pressures causes a difference in power 
produced by engines, and although this is not large it should be taken 
into account where installations are made at considerable heights 
above sea level, 
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COST OF PUMPING INSTALLATION. 


It is beyond the scope of this bulletin to give costs of pumping. 
plant installations in such detail that they will be pearly appli- 
cable throughout the irrigated region. In order that the prospective 
purchaser may have clearly in mind the items which usually enter 
into the cost of pumping plants, estimates of the cost of plants of the 
three types in most common use are given. Conditions peculiar to 
different communities will qualify these estimates and the cost re. 
ported should be considered as suggestive only. Before a plant is 
purchased, quotations on the equipment it is proposed to install 
should be secured from reliable dealers. In each of the three types 
described the cost of the transmission line is omitted for reasons 
stated on page 22. The reader should ascertain what expense would 
be involved in bringing electrical current to his farm from the 
nearest power main and what refunds would be made in case the 
initial expense were charged to him, amending this estimate ac. 
cordingly. 

Case No. 1, 


Electrically-driven centrifugal pump in pit. 


Conditions : 

Crop to be irrigated, alfalfa. 

Depth of water required on land, 3 feet in six irrigations, in a 80-day rota- 
tion in 6-inch applications. 

Amount of water furnished by well, 2 second-feet=900 gallons per minute, 
which will irrigate 4 acres 6 inches deep each 12 hours or 120 acres in 
thirty 12-hour days or fifteen 24-hour days. 

Lift of water=40 feet. 

Theoretical horsepower, 9. 

Plant efficiency, 60 per cent. 

Motor required, 15 h. p. 

Cost of plant: 


(See fig. 3.) 


Well 100 feet deep, drilling at $2 per foot_____________ $200. 00 
Casing, 12-inch double stovepipe, 12 gauge, 60 feet, at 
i ase ._ 185.00 
Casing starter 20-foot, 3-ply, and ring_..--.---.-_.--.. 90. 00 
Pit, 8 by 8 by 25 feet inside; concrete 6-inch walls and 
bottom, at $15 per foot depth_______________________ 375. 00 





RUE icserspciokoneate git ai abel ere eae a OS Bs ae $800. 00 


Pump No, 6 single stage horizontal centrifugal, direct- 
connected to 15 horsepower electric motor, installed 
with necessary electric and hydraulic accessories___ 900,00 
Pump house with overhead lifting device, concrete floor, 
RE TEN, UR Sa a ask ee eee 


A aor sek ahead nha oe ee Daa EL cre Ra ee alte nace tenieeil 


Sotet “Hom GP iene ee se 


nh ee wee ab ace ans ae gun Oy 


mk vied mere: (61 200190) eae ees ee ca 17, 50 
Cost of operation per season: 
Interest on $2,100 at 7 per cent__.--.-~--.~- ae eras 147. 00 
Taxes and insurance at 1 per cent__-_--__.._._--__--- 21. 00 
Depreciation of machinery (value $900) at 10 per cent__ 90. 00 
Depreciation of house and well (value $1,200 at 5 per 
Naa a tS ncaa Ree i 60. 00 
Power consumed, 11.2, kilowatts for 2,160 hours at 2 
Gotn Ber arremaee NOU. 488. 84 


Repairs, lubricating oil and attendance, per season_____ 50. 00 


Total cost of operating per season—._.___-.-..---.-.--..-—.- ap 1. 
Cost of pumping per acre season ($851.84+120)__----__-_____ ; 
Cost of pumping per acre-foot of water ($7.10+3)-_---_._____- 5 
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Centrifugal pump in pit, driven by oil engine. 


It is estimated that the plant described in Case 1 could be 
installed with a 15-horsepower oil engine, necessary 
changes being made in pit and house design, at an ap- 
proximate cost of 

Cost per acre for oil engine plant ($2,800-+120) 


Cost of operating with oil engine. 


meebent O11 62.500 Gt 7 Dee COG cc eho ; 
Taxes and insurance at 1 per cent_- Ps ee 28. 00 
Depreciation of machinery (value $1 600) at 10 per cent... 160. 00 
Depreciation of house, well and pit (value $1,200) at 5 per 

MU ce CIR gah Gs cee lam a ig Sap ngs vt apes ues 60, 00 
Fuel consumed 14 gallons 24-er avity oil per hour for 2,160 

hours, at 5.cents per gallon... ~~~. on nnn ikea 
Repairs, lubricating oil, and attendance per season 


Total cost of operating per season $756. 00 
Cost of pumping per acre per season ($756+120)___ 6. 30 
Cost of pumping per acre-foot of water ($6.30+3) 


Case No, 2 
Electrically-driven, deep-well turbine pump. (See fig. 2.) 


Conditions: 

Crop to be irrigated, fruit. 

Depth of water required on land, 1.5 feet in three irrigations, in a 60-day 
rotation of 6-inch applications. 

Amount of water furnished by well, 1 second-foot==450 gullons per minute, 
which will irrigate 2 acres 6 inches deep each 12 hours or 120 acres in 
sixty 12-hour days. 

Lift, 100 feet. 

Theoretical horsepower, 11.25. 

Plant efficiency, 50 per cent. 

Motor required, 25 horsepower. 

Cost of plant: 
Well 200 feet deep, drilling at $2 per foot-____._______ $400. 00 
Casing, a double stovepipe, 12 gauge, 180 feet 


Casi posers 
Cost of well, total 

Pump, deep-well turbine installed on concrete bi ise with 
direct- peonhec ted vertical oe p. motor 


a house, 8 by 8 by 7 ‘feet Sasha pind dakclaandd ubkaedokesaiibetanalia 


Cost of pumping plant installed, total... .....-.-........ _. 1,800. 00 


Total cost of plant 2, 695. 00 
Cost of plant per acre ($2,695+-120) 
Cost of operation per season: 
Interest on $2,695 at 7 per cent 
Taxes and insurance on $2,695 at 1 per cent 
Depreciation of machinery (value $1,700) at 10 per cent. 170.00 
Depreciation of well and building (value $995) at 5 per 


49; 75 
Power consumed, 16,785 kilowatts for 2,160 hours at 2 
cents per kilowatt hour) 
Repairs, lubricating oil, and attendance per season 


Total cost of operation per season 
Cost of pumping per acre per season ($1,260.46+120) 
Cost of pumping per acre-foot of water ($10,50+-1.5) 
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Deep-well turbine pump driven by oil engine. 
It is estimated that the plant described in Case 2 could be 





installed with a 25-horsepower oil engine, enlarged pump It i 
house, and foundation for approximately________________________ $3, 700. 00 w 
Cost per acre of oil-engine plant ($3,700+120)__......._-__- 30. 88 fe 
Cost of operating per season with oil engine. 

Taterest on $3,700 at 7 per: cont... ee $259. 00 

Taxes and insurance on $3,700 at 1 per cent_______________ 37. 00 
Depreciation of machinery (value $2,600) at 10 per cent__._ 260.00 Int 
Depreciation of well, pump house, etc. (value $1,100) at 5 per se 

RNa a eee ah ee SA a ee eS 

Fuel consumed, 24 gallons per hour for 2,160 hours, at 5 De 
Inne ON NN ne a es 270. 00 c 
Repairs, lubricating oil, and attendance per season_________ - 
Total cost of operating per season__________________________- Re 






1. 00 
Cost of pumping per acre per season ($1,181--120) ____________ 9. 84 
Cost of pumping per acre-foot of water ($9.84+1.5) 56 
CasE No. 3. 
Electrically-driven deep-well plunger pump. (See fig. 4.) 
Conditions : 

Crop to be irrigated, apples or citrus orchards. 

Depth of water required on land, 1.5 feet in three irrigations, in a 60-day 
rotation of 6-inch applications. 

Amount of water furnished by well, one-half second-foot=225 gallons per 
minute, which will irrigate 1 acre 6 inches deep each 12 hours, or 60 
acres in sixty 12-hour days. 

Lift, 200 feet. 

Theoretical horsepower, 11.2. 

Plant efficiency, 70 per cent. 

Motor required, 20 horsepower. 

Cost of plant: 


Well 300 feet deep, drilling at $2 per foot____._..._______ $600. 00 
Casing, 12-inch double stovepipe, 12 gauge, 280 feet at 
UU a ch a eat i 630. 00 


Casing starter, 20 feet, 3-ply, and ring 






eur UG 0 i rs a $1, 320. 00 
Pump, double-acting, deep-well, working head on slide 
rails, connected to 20-horsepower electric motor by 
short belt and idler or silent chain, 8-inch cylinder, 
195 feet of column pipe, and double plunger rods, 


OR i aS oe a a a ate $2, 300. 00 
Motor, 20 h. p., with protection accessories___________ 550. 00 
Derrick, with windlass and pump house_____________ 400. 00 
Installation, labor, concrete foundation, freight, ete___ 650. 00 


Cost of pumping plent inatalied.. 2 no 
Sr I A i ey pe ie ao eee ; 
Cost of plant per acre ($5,220+60) _--_--_-__-_________________ 87. 00 
Cost of operation: 
Euterest: an 96.220. at 7 per cent. $365. 40 
Taxes and insurance at 1 per cent___________________ 52. 20 
Depreciation of machinery (value $3,500) at 10 per cent_._ 350. 00 
Depreciation of well and pump house (value $1,720) 

OT a Ni eet lca i el 86. 00 
Power consumed, 12.1 k. w. 2,160 hours at 2 cents per 






Total cost of operating per season__.___---___--_-----_----_ 
Cost of pumping per acre per season ($1,476.32+60)__________ 24. 61 
Cost of pumping per acre foot of water ($24.617+-1,5)_-._--___ 16 41 


Pumping From Wells for Irrigation. 


Deep-well plunger pump, driven by oil engine. 


It is estimated that the plant described in Case 3 could be installed 
with a 20-horsepower oil engine, an enlarged pump house, belt, and 
foundation for approximately 

Cost per acre of oil engine plant ($5,900+-60) 


Cost of operating with oil engine. 


Interest on $5,900 at 7 per cent 

Taxes and insurance on $5,900 at 1 per cent ; 
Depreciation of machinery (value $4,080) at 10 per cent____ 408.00 
Depreciation of well, building, etc. (value $1,820), at 5 per 


Repairs, lubricating oil, and attendance per season 


Total cost of operating per season $1, 437. 00 
Cost of pumping per acre per season ($1,437+-60) 23. 95 
Cost of pumping per acre foot of water ($23.95+-1.5) ______-__ 15, 97 
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ANY THOUSANDS of farmers in the arid and 

semiarid States have no dependable water 
supply except what can be secured from the under- 
flow. Sinking a well which will produce an ample 
supply of water and installing an efficient and 
economical pumping plant require skill and knowl- 
edge not ordinarily possessed by the farmer. The 


purpose of this bulletin is to make available the 
most essential information on well construction and 
selecting, installing, and operating pumping plants. 
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PUMPING FROM WELLS FOR IRRIGATION.’ 


By Paut A. Ewtne, Assistant in Irrigation Economics, Division of 
Agricultural Engineering, Bureau of Public Roads. 


CONTENTS. 


Introduction Well development and testing 
Summary 2 Determination of draw down------ 
Quality of the water_ ae Battery of wells 

Water supply .__._.____- 


Whe pumping lift..____-________- Se : 
Toalion af the weil Selection, installation, and cperation 


of pumps 
The well contract a 
Well casing Power unit 


The open-bottom well Cost of pumping installation 


INTRODUCTION. 


ESS than 2 per cent of the total land area of the arid and semi- 
~ arid sections of the United States is now irrigated, yet reclama- 
tion has reached the stage where future progress can be made only 


through the construction of extensive storage works or the use of 
underground waters. As storage works require large investment 
of capital, which implies some form of community effort, the only 
opportunity for further advance as a result of individual initiative 
lies in the recovery of underground water. 

Water pumped from underground sources is destined to play a 
more important part in the irrigation of land in the United States 
than it has hitherto, but it is well for the individual to bear in mind 
that not every underground supply is suitable for irrigation in 
quality or quantity. 

The following considerations should have attention before money 
is spent for a well and pumping plant: 

(1) Is the water suitable for irrigation ? 

(2) Is the underground water supply sufficient to meet the ex- 
pected requirements ¢ 

(3) Is the pumping lift low enough to justify the expense of 
pumping for the crops to be grown? 

(4) Have similar undertakings succeeded in the locality? 

(5) Is the power supply to be used for pumping reliable and 
cheap ? 

(6) Have local business men, disinterested in the sale of pumping 
machinery or land, confidence in the feasibility of pumping for ir- 
rigation ? 

Besides considering these matters which have particular connec- 
tion with irrigation by pumping, the farmer has also to give thought 


+A compilation of contributions by F. L. mo C. B. Tait, and Milo B. Williams, senior 
irrigation engineers; J. C. Marr and L. M. insor, irrigation engineers; P. EB. Fuller, 
former irrigation engineer; and Prof. F. J. Veihmeyer, collaborator. Free use has been 


a of data and statements in publications of various State agricultural experiment 
ons. 
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to other general phases of irrigation, such as the necessary prepar- 
tion of the land, the adaptability of the soil for irrigation, the 
climate, the accessibility of markets, and the rates charged locally on 
borrowed money. These are discussed in other bulletins of the de. 
partment.? 

SUMMARY. 


The essentials of a satisfactory irrigation pumping plant using 
well water are: (a) An ample supply of water suitable for irriga- 
tion and near enough to the surface for economical pumping; (bd) a 
pump which is adapted to the given conditions as to lift and quantity 
to be pumped; (c) an engine or motor that will deliver the required 
power to the pump with the minimum loss of efficiency and at the 
minimum cost; (d) the entire plant carefully planned and installed, 

The farmer should engage the services of a reliable well driller 
and should see that a well-drilling contract is drawn up which will 
protect him against unwarranted expense and inferior work. 

The well casing should be of a standard type, such as screw, 
riveted, or stovepipe casing, and the portion in contact with water. 
bearing formations should be perforated so as to admit water in sufi- 
cient quantities and screen out the sand and gravel. 

Before pumping equipment is purchased the well should be thor- 
oughly tested to determine its capacity and draw down. 

The types of pumps most commonly used for irrigation are the 
horizontal and vertical centrifugal, the deep-well turbine centrif- 
ugal, the plunger, and the air-lift. The height through which the 
water is to be raised is the chief governing factor in the selection of 
the type. 

The power may be supplied by an electric motor or an internal- 
combustion engine. 


QUALITY OF THE WATER. 


Certain dissolved minerals constituting what are known as alkali 
salts are sometimes present in well water in sufficient quantities to be 
injurious to vegetation. If there is any question as to the quality 
of the water an expert opinion should be obtained from the State 
agricultural college. Some crops are more tolerant of alkali salts 
than others, and this fact should be remembered when considering 
the suitability of water for irrigation. 


WATER SUPPLY. 


The amount of water required varies with the nature of the crop, 
the soil, the method of irrigation, and the climatic conditions. 
Deciduous fruit trees and vines require the smallest quantity. Forage 
crops and garden truck require the most. The range is from less 
than 1 foot to about 4 feet in depth a year. A close estimate of the 
depth required can best be made by observing the irrigation practice 
of the locality, but if there is no good example at hand results ob- 
tained under similar conditions in other sections may be taken as a 
guide.® 


2 Farmers’ Bulletins 1556, 864, 1635, 1243, 1518; Department Bulletins 1047, 1048; De 
garment Circular 197; Monthly Weather Review; Field Operations of the Bureau of 
Soils. 

*See Farmers’ Bulletins 1556, 1630, 1518, and Department Bulletin 339 for discussions 
of the irrigation needs of various crops. 
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Pumping From Wells for Irrigation. 


Before considering the any of a well as a source of water, 
it is necessary to know the depth of water required at each irrigation 
and the frequency of irrigations in order that the maximum rate of 
use may be estimated. Suppose, for example, that 40 acres is to be 
set out in fruit trees and that it has been found by a study of other 
irrigated orchards that an application 6 inches deep must be made 
during a certain time of the year within a period of 10 days, repre- 
senting the maximum rate of irrigation. The well must then be able 
to supply 20 acre-feet during a period of 10 days continuous pump- 
ing, or in other words, the well must produce at the rate of approxi- 
mately 1 cubic foot of water per second, or about 450 gallons per 
minute. 

Unless an ainple supply of underground water is known to exist, 
as evidenced by the successful operation of large pumping plants in 
the vicinity, each water-bearing stratum should be tested carefully 
during the boring of the first well. The ideal irrigation well is one 
which lowers 10 or 15 feet during the maximum rate of pumping, 
but returns within a foot or so of the original level a short time 
after the pump is stopped. There is, of course, a seasonal fluctuation 
of the water level independent of that caused by pumping, but unless 
the yearly demand exceeds the supply the water should return to its 
normal level or nearly so before the beginning of each irrigation 
season. A discussion of well testing will be found on page 9. 

The possibility of obtaining a dependable water supply from wells 
is difficult to determine in any way except by sinking test wells. The 
Department of Agriculture places no credence whatever in “ water- 
witches.”* On high, arid or semiarid plateaus far removed from 
mountains and large rivers and with good surface drainage it is 
not likely that water will be encountered at any depth feasible for 
pumping. Prehistoric lake beds, such as are often found in the 
Great Basin area, rarely yield a good flow of water, as the gravels are 
in thin strata, generally interspersed with strata of clay and fine silt. 
On the other hand, in the valley of a large river with a sandy bed 
and on the adjacent benches or mesas the chances for striking water 
in sufficient quantities for irrigation are very favorable. The same 
is often true of a plain surrounded by high mountains and having 
no surface drainage or of a desert valley traversed by a wide, dry, 
sandy river bed carrying spring floods and occasional freshets. 

A flow of 300 to 500 gallons of water per minute usually is con- 
sidered an easily handled irrigation stream, but if less than 300 
ss is secured a small storage reservoir,> which may be filled 
uring the night, will provide the necessary stream for the next 
day’s irrigation if the pump continues to operate. Larger supplies 
often are furnished by a single well, or from batteries of wells 
pumped from one central station. 


THE PUMPING LIFT. 


The lift against which water for irrigation may profitably be 
pumped varies with the value of the crop to be grown. Under 
exceptional conditions water is lifted profitably 500 or more feet. 


—_— 


“See Farmers’ Bulletin 1448, Farmstead Water Supply. 
6 Farmers’ Bulletin 828, Farm Reservoirs. 
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The last Federal census of irrigation reported an average pumping 
lift of 41 feet for many thousand plants throughout the West. The 
cost of pumping varies with the distance through which water is 
raised. It is best to avoid the possibility of failure by undertakin 
to pump water only where such ventures have proved profitable for 
the particular crop and locality. 


LOCATION OF THE WELL. 


If possible, a topographical survey should be made to locate the 
proper site for the plant and permit the laying out of a field system 
of distributing ditches or pipes. The pump should be located at 
the highest point of the land from which water may be conveyed 
economically through the ditches to all parts of the field, unless 
conveyance through pipe lines is planned, when a lower and more 
central location may : more desirable. 


THE WELL CONTRACT. 


Ordinarily the boring or digging of an irrigation well is provided 
for by formal contract to insure efficiency of performance by the well 
driller. The following suggestions, pertaining in the main to a 
well drilled by percussion methods, should have the attention of a 
farmer entering into such a contract. 

A contract may specify the character of the apparatus to be used 
in sinking the well. There should be a difference of at least 2 inches 
between the outside diameter of the sand bucket and the inside diam- 
eter of the casing and the sand bucket should have a steel shoe 
with a flap valve of as great an area as the bucket will allow. Often 
a driller’s outfit will include a dilapidated bucket possibly three or 
four inches in diameter and having a round, worn-out soft iron shoe, 
with a small valve in the bottom which is hardly one-half the size 
the bucket will allow; and, if permitted, he may attempt to sink a 
well 10 inches in diameter with the bucket. 

In some sections of the West, it is customary for the well driller 
to furnish casing, starter section, and strainer, if one is used. If 
the casing is of the stovepipe type the gauge and quality of steel 
used, whether the casing be single or double, should be specified in 
the contract. The construction of the starter section should be set 
forth in detail, as should also the thickness of the drive shoe and the 
material of which it is made, its shape and temper, the gauge of 
casing and the length of sections used in the starter section and the 
manner of joining these together. The dimensions of the well should 
be set out, and the length and spacing of the perforations or the 
characteristics of the strainer described. 

There are several ways of paying for such work. The usual “= 
is at so much per foot for drilling, the scale of prices increasing wit 
the depth of the well. It is usually specified that the first 25 feet 
shall be paid for at a flat rate per foot, with an increase per foot for 
the next 25 feet and so on to the full depth of the well. Most well 
drillers insist on inserting in the contract a provision for minimum 
depth of well, and as a protection for the farmer the maximum depth 
should be specified, so that the driller may not deliberately pass @ 
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desirable water-bearing stratum and drill to greater depth for the 
increased pay. 

Several large well-drilling companies work for a specified sum per 
day for the use of the well-drilling rig. No charge is made for the 
time consumed in making repairs. Another arrangement specifies a 
jump sum for the drilling of a well of certain size to a definite depth. 
In such an arrangement the well driller usually sets his prices to 
protect himself, with more than necessary safety. Generally he can 
make a closer estimate of the probable depth of the well than the 
farmer. The extra chance he runs in contracting for definite quan- 
tities of water is reflected in his price. Such arrangements often 
have led to much dispute. 

A precaution the farmer should take in entering an arrangement 
of the “ no-water-no-pay ” type is to insist that the draw down of 
the water surface in the well during the pumping test shall not exceed 
a specific limit, and that the test be continued long enough so that 
the accumulated head of water in the immediate vicinity of the well 
shall be removed, leaving only the normal supply which will come to 
the well after a long period of pumping. 

The test should last long enough to clear the water. Inability to do 
this usually indicates improper perforation of the casing, an un- 
suitable strainer, or the collapse or rupture of the casing. The con- 
tract should call for the delivery to the farmer of a complete and 
detailed log of the formations encountered in sinking the well. 

When working under contract the driller should be required to 
furnish bond or to advance all materials and labor, and should not 
receive payment for partial completion of the work. This protects 
the farmer in case it 1s necessary, through carelessness or mishap for 
which he is not to blame, to abandon the well and all or part of the 
casing. Usually it is advisable to set a time limit for the completion 
of the well. 

In case it is anticipated that a turbine pump or other close-fitting 
machinery will be inserted in the well, the contract should specify 
that the bore of the well shall be straight enough to receive the ma- 
chinery; or it may stipulate a minimum clearance between pump 
shell and inside of casing when the pump is in place. 


WELL CASING. 


Stovepipe casing is used in many water-bearing formations, but 
most successfully where coarse, unconsolidated materials are en- 
countered. To avoid use of a strainer, the casing is perforated after 
the well is completed by tools which cut longitudinal slits or gashes 
from the inside. Screw casing also may be perforated and has the 
advantage over other casings that it may be pulled if the well is 
found to yield insufficiently. It is especially adapted to open-bottom 
wells in which it may be necessary to draw back to a certain forma- 
tion after going beyond the desired depth, and may also be used in 
the sinking of wells, especially those of 12-inch diameter or smaller, 
where a strainer is to be inserted and the outer casing withdrawn. 

Riveted casing is especially adapted to coarse-sand and small- 
gravel formations where driving or forcing is not necessary and 
where the water-bearing stratum is known to be unusually thick. 
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It may be perforated more effectively than screw casing, but it will 
withstand only a limited amount of perforation. 


STOVEPIPE CASING. 


Stovepipe casing consists of 2-foot sections and is usually made of 
steel sheets, with rivets spaced longitudinally of the section 2 or 
inches apart at the ends to 3 or 4 inches apart at the center. Each 
section of this casing, after being riveted, is placed in a machine 
or lathe and rotated against a facing tool to “true” the ends. For 
insertion in the well, a casing is assembled in short lengths as the 
well is drilled, but must be used double, there being a slight differ. 
ence in the diameter of the inside and outside sections. An end joint 
of the inside section thus occurs midway of the outside section, 
Hence, when the lengths are together, the end faces butt evenly and 
squarely against each other and are held from slipping or telescoping 
by each other. Sometimes, as the lengths are assembled, they are 
profusely dented from the outside by a pick and are so kept from 
slipping apart or separating in the well in case the drilling tool 
should hang on the casing or on the shoes. Sometimes the sections 
are riveted together as a like precaution. 

Stovepipe casing may be obtained in all diameters from 6-inch to 
26-inch or larger. The 16-inch size is most used in irrigation wells, 

A starter, usually consisting of eight 2-foot sections of casing of 
double or triple thickness riveted together and then to a drive shoe, 
forms the first section upon which rests the “string” of casing, 
If the material is fine and contains no bowlders or hard material, 
the 2-ply, 16 to 10 gauge starter, will be ample; otherwise the starter 
should be 3-ply. The drive shoe is slightly larger in outside diame- 
ter than the following casing, so cutting the hole larger than the cas- 
ing and giving it clearance. 

The drive shoes used with stovepipe casing are usually larger and 
heavier than those needed for other casing and have a shank which 
is riveted to the casing; the latter slips over the shank and butts 
against a shoulder on the outside of the shoe. Sometimes this cas- 
ing is driven, for which operation a drivehead is used. This is 
composed of a heavy cast or wrought steel cap, recessed so as to fit 
the top of the casing snugly, and a pair of heavy clamps is bolted 
to the drill stem, which is raised and allowed to fall, as in the drill- 
ing stroke, the clamps striking the drivecap. Such casing has been 
put down as far as 200 feet in heavy bowlder formations by a 
though it is generally believed that it can not be sunk except wit 
hydraulic ite or levers, sometimes called “ pries,” which exert a 
steady and uniform pressure. Generally the use of hydraulic jacks 
is to be preferred to driving. : 

Stovepipe casing is likely to pull apart in fine sands unless it is 
riveted before being sunk. To prevent this a substantial footing 
for the casing must be found. 


SCREW CASING. 


Screw casings may be standard wrought-iron pipe with ordinary out- 
side couplings. For heavy driving extra strong pipe, threaded to per- 
mit the ends to butt, and line pipe couplings should be used. “ In- 
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serted-joint ” casing has one end of each length threaded inside after 
being expanded slightly, thus reducing the resistance when the cas- 
ing is being lowered. Joints so made will stand very little driving. 
Casing may be obtained in a number of weights, such as light well 
casing, about half as thick as standard pipe, standard, and extra 
mevy pipe. When screw casing is used, whether with standard 
couplings or inserted joints, a steel drive shoe must be screwed or 
riveted to the bottom or upon the starting joint. Such a shoe should 
be of a thickness which will stand safely driving through hard 
strata or against bowlders. It is usually from three-fourth inch 
to 1 inch thick when used with large sizes of casing and from five- 
eights to three-fourths inch thick for sizes below 10 inches. 


RIVETED CASING. 


Riveted casing, composed of rolled-steel sheets, in sections from 14 
to 24 inches in length, and plain or galvanized to resist rust, is fre- 
quently used. It is inconvenient to handle and will stand only light 
driving, and generally must be forced down by hydraulic pressure 
or a lever. It is often used in diameters over 20 inches for pits or 
dug wells, the weight of iron being proportioned to the diameter 
and the depth of the well. This casing usually may be obtained 
locally, especially in galvanized iron, which may be made at sheet- 
metal shops. If of heavy iron it must be obtained from boiler or 
sheet-iron manufacturers at prices varying according to the gauge. 

If heavy-riveted casing is used it may be strengthened at the joints, 
the weakest parts, by butting the ends together and using inside or 
outside collars riveted to each section. This precaution is necessary 
if the casing must be forced into a hard formation, and some kind of 
2 drive shoe at the bottom will be needed to prevent battering of the 
casing by bowlders or hard material. 


STRAINERS. 


Strainers have had their principal use in fine sand formations, 
but it has been found that where the water-bearing strata are of 
sand so fine as to call for special strainers wells are likely to fail 
anyhow, and the expense of strainers added to their uncertain action 
has led to discontinuance of their use in many sections. Gravel in- 
serted in the well around the casing is now ae used success- 
fully in place of a strainer at much lower expense. (See p. 8.) 

If conditions seem to call for use of a strainer it should be of a 
type known to be successful in similar formations.° Some water may 
be pure enough for irrigation but still contain enough salt to corrode 
certain metals to the extent of closing the openings, so rendering the 
strainer useless, and this fact should also be kept in mind when 
considering the use of a strainer. 


PERFORATIONS. 


Wells may fail to supply the amount of water they are capable 
of yielding because of insufficient perforation of the casing. While 
no definite rule can be given, it is recommended that as many per- 


*For a description of strainers, see Water-Supply Paper 257, U. 8S, Geological*Survey, 
Well-Drilling Methods, by Isaiah Bowman. 
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forations as possible be put into the shell of the casing opposite the 
water strata without dangerously weakening the casing. As much ag 
40 per cent of the metal can be cut away, but the proportion must be 
varied according to the shape and size of perforations, determined 
by the materials to be screened. Three or four slits should be made 
in each ring or circle, a space of 3 or 4 inches skipped, and a second 
ring or circle of slits then made, staggered from the preceding set, 
Under any conditions the proper perforating of casing in place is 
difficult to effect, and it would be well for the farmer to request a 
visible test of the efficiency of the apparatus before an attempt is 
made to perforate the casing underground. Many wells which do 
not produce sufficient water after the first set of perforations is made 
are much improved by repeating the operation. 


THE DOUBLE-CASING WELL. 


The double-casing or gravel-screen type of well is often very sat- 
isfactory in certain sections of the West. In drilling this well a 
large temporary casing is used. After the well is drilled a pro- 
fusely perforated casing is centered in the temporary casing and as 
the temporary casing is withdrawn a screen of fine grave) or crushed 
stone is placed around the inner casing (see fig. 3). The gravel 
or stone filling should extend to the surface. Usually the screen 
should be at least 6 inches less in diameter than the temporary 
casing, to insure ease of insertion. If it is necessary to be sure of 
placing a continuous covering of gravel around the permanent cas- 
ing a space of at least 4 inches should be left between the screen and 
the outer casing when the former is in place; otherwise the gravel 
may clog in spots and be distributed unevenly. 

When properly made this type of well has many advantages over 
the type in which the casing is perforated in place, chief of which is 
the material increase in open space per linear foot of well. More- 
over, the gravel screen is useful in fine sand formations in holding 
back a portion of the sand and so preventing caving. The continuous 
screen of gravel insures free entry of every stratum of water, whereas 
in perforating a casing after it is in place the perforator may miss 
some of the water-bearing strata unless accurate records are kept 
during the drilling process and careful measurements are made dur- 
ing the perforating. 

This device requires that the temporary outside casing be jointed 
strongly enough to permit pulling Solas the well. Stovepipe casing 
will not withstand this operation, but is sometimes used as the outer 
casing, being left in the well with the inner casing and the inclosed 
gravel screen. Where this plan is followed the outer casing, which 
is of large diameter (18 to 24 inches), is first sunk and perforated 
opposite the water-bearing strata. The inner casing may be of the 
stovepipe type or a jointed pipe which is perforated during manu- 
facture; if stovepipe casing is used it likewise is perforated before 
insertion. Crushed gravel is inserted between the two casings after 
both are in place. This makes an expensive installation, but one 
which has proved successful in many instances. It has the special 
advantage in some formations of affording a double protection to the 
bowls of a deep-well turbine centrifugal pump, which might be lost 
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or rendered ineffective by the distortion or collapse of a single casing 
as the result of caving. 


THE OPEN-BOTTOM WELL. 


Many successful irrigation wells have been obtained in stratified 
formations, such as are found in the interior valleys of California, 
by making what is commonly known as an open-bottom well. In 
this type of well the bottom of the casing is open and all or part of 
the water enters through this open end. Such a well often is im- 
proved by perforating the casing to admit water from some higher 
stratum in addition to that coming from below. 

The condition most favoring an open-bottom well exists where the 
lowest water stratum tapped underlies a hard, impervious material, 
such as clay, hardpan, or sandstone, in which the casing can be em- 
bedded firmly to form a foundation for the column and act as a seal 
to prevent water from carrying sand down from above, outside of 
the casing. ‘The presence of the impervious layer or layers is essen- 
tial to the success of the well. As an added precaution the hole bored 
through the hard stratum should be at least 2 inches smaller in diam- 
eter than the casing. 

The impervious stratum acts as a roof over the water-bearing 
stratum from which, if it is fine sand, the fine materials will be 
pumped out gradually until a large cavity is formed in the bottom 
of the well. Under such conditions it is necessary that the imper- 
vious stratum be hard and thick enough to prevent serious caving. 
Should the roof give way under test, it will be necessary to drive the 
casing through the water-bearing stratum and embed it in hard ma- 
terials below. Perforations can then be made opposite the water and 
the open-bottom well will be changed to a closed-bottom well. 


WELL DEVELOPMENT AND TESTING. 


A very serious and common mistake is made by the purchase of 
pumping equipment before the well is developed and tested thor- 
oughly. Often wells increase in capacity with the first pumping. 
This is especially true when the water-bearing material contains fine 
sand, clay, or silt which can be removed by pumping. Heavy pump- 
ing is therefore often desirable before a test is run. It is impossible 
for manufacturers to supply efficient pumping machinery without ac- 
curate information as to the conditions under which the plant must 
work, and they should be furnished with the following information 
when their estimates of cost are requested : 

(1) Inside diameters of the well with lengths of each size of casing. 

(2) Total depth of the well. 

(3) Depth to water table below the surface of the ground, and an 
estimate of probable seasonal fluctuations. 

(4) The vertical and horizontal distances water must be pumped 
from the surface in the well with kind of pipe to be used. 

(5) Distances water will drop in the well when different quantities 
are pumped. 


(6) Probable economical draw down and ultimate capacity of the 
well. 
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The first four factors can be ascertained from the driller’s log of 
the well and by direct measurements, but factors 5 and 6 can be deter. 
mined only by a pumping test. Two plans for testing wells are 
practicable: 


Test PLAN No. 1. 


This is a to wells where the water level is 25 feet or legs 
below the surface and general conditions indicate that, for the per- 
manent installation, a horizontal centrifugal pump can be used on 
the surface or in a pit. 

This test calls for a tractor or other temporary power, and a hori- 
zontal centrifugal pump sunk into a temporary pit in such way that 
a belt can be sloped to it from the tractor. A fair test of the average 
well may be obtained with a pump of about three-fourths the ea- 
pacity of the permanent one. The smaller outfit will not develop 
a well as thoroughly as may be done by use of an oversized pump, but 
an accurate estimate of the rate of increased capacity per foot of 
draw down can be made, and from this information the proper econ- 
omical draw down and final yield of the well can be estimated closely 
enough for designing purposes. 

As the excavation and curbing are expensive, it is advisable for 
the farmer to put in a temporary curb. This may be 20 feet deep or 
less, to set the pump near the water table. A pump set about 5 feet 
above the water table is capable of handling a 15-foot draw down, 
which affords fair indication of future performance. 


Test Pian No. 2. 


This is adapted to wells where the water table is 20 feet or more 
below the surface and general conditions indicate that the draw 
down will increase the lift to approximately 50 feet or more. It 
calls for a deep-well turbine pump or an air-lift outfit. Occasionally 
the best equip ed well drillers have outfits of this kind, and where 
they are readily available plan No. 1 should not be considered, as the 
deep-well outfits are as advantageous in developing as in testing wells. 

When conditions indicate that a turbine pump should be used for 
the final plant, manufacturers often agree to install a pump as near 
the proper size as they can select on the basis of the known condi- 
tions. The well is then tested, as in test plan No. 1, by driving the 
pump with a tractor or other temporary power. Such an arrange- 
ment is entered into with the understanding that the manufacturer 
will add or subtract bowls and column lengths of pipe at specified 
unit costs and refunds, as required by the conditions brought out by 
the test. The result of the test will indicate the horsepower needed 
to drive the pump most economically, and on this basis an engine 
of correct size should be installed or the belt head replaced with a 
direct-connected electric motor where electric current: is available. 

The average well should be developed slowly by controlling the 
discharge of the test pump with a gate valve. Where sand appears in 
the water first pumped, the plant should be run with a uniform dis- 
charge until the water begins to clear. Then the gate valve can be 
opened until larger quantities of sand appear in the water, this opera- 
tion being repeated until the capacity of the pump or well is reached. 
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When this development process is started, everything should be in 
readiness so that there will be little likelihood of having to stop the 
pump before the well has been pumped thoroughly. This is especially 
desirable when fine sand must be contended with, as stoppage of 

umping too soon may cause clogging of the well or pump. In other 
instances where difficulty is experienced in starting the i it may 
be advisable to fluctuate the discharge in order to agitate the water 
in the well. 

After a well has been pumped for development for several hours to 
the maximum capacity of the well or of the testing apparatus and 
there is no apparent fluctuation in the discharge of water, a correct 
measurement of the flow should be made and the draw down below 
the static water level noted. The gate valve on the discharge pipe 
should then be partially closed until the vacuum gauge indicates ap- 


16.5' PROBABLE ECONOMIC DRAW-DOWN 
GIVING 1000 G.PM. 
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Fig. 1.—Typical well test chart. 


proximately 4 feet of draw down below static level. (The vacuum 
gauge reads in mercury inches and to convert into feet of head the 
reading should be multiplied by 1.14.) After running about 15 
minutes at approximately this level, the discharge and the draw down 
should be measured accurately and the valve opened until the gauge 
indicates 6 feet of draw down. This operation should be repeated 
with 2 feet draw. down intervals until the capacity of the well has 
again been reached. In this way enough readings may be obtained 
to indicate the performance of the well at different lifts. 

The test should then be plotted graphically on a chart similar to 
that shown in Figure 1. The vertical scale represents draw down 
in feet and the horizontal scale discharge in gallons per minute. 
The rate of increase in flow per foot of draw down is indicated by 
the general slope of the line connecting the test points plotted on 
the chart, and the projection of the line beyond the last test point 
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gives an indication 
of what may be ex- 
pected if pumping 
be continued. In 
this way a safe eco- 
nomic lift can be 
assumed and the 
factors determined 
which are necessary 
for the design of 
machinery to fit the 
well. 

The best way to 
measure the water is 
by use of a farmer’s 
weir set, either in a 
properly designed 
box or in the bank 
of a small earthen 
reservoir made for 
the purpose.’ 





Air pump 
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DETERMINATION OF 
DRAW DOWN. 


When a well is 
being tested with a 
centrifugal pump, 
the draw down can 
be determined ap- 
proximately by 
means of a vacuum 
gauge placed on the 
suction ell or flange. 
The depth of water 
level below the gauge 
top may be deter- 
mined by direct meas- 
urement, or from the 
vacuum gauge after 
the pump has been 
primed, unless a foot 
valve is on the suc- 
tion pipe. In that 
case, 1f it is not feas- 
ible to make a direct 
measurement before 
the pump is started, 
the air-line measure- 
ment described later 
is a convenient 
method of getting 
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Fie. 2.—Electrically driven deep well turbine pump, show- 
ing apparatus for determining draw down. 
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the depth. In any case, the vacuum gauge indicates the draw down 
below the pump when the latter is discharging water. 

Figure 2 illustrates a convenient and accurate way to determine 
the draw down where a test is made with a turbine pump. A one- 
quarter inch air tube of known length is placed in the well along- 
side the turbine. This tube should be long enough to reach below 
the level of the probable maximum draw down. To the upper end 
of the air line are attached a pressure gauge, an automo inner 
tube valve or one similar, and a hand air pump, in such a way that 
all the water can be forced out of the tube and the air pressure 
necessary to do this read on the gauge. The gauge reading indi- 
cates the depth of the tube’s submergence, and this, when converted 
into feet of head and subtracted from the total length of the tube, 
gives the depth to water below the pump at any stage of the test. 

The following equations should be used in the test (see fig. 2) : 

Let 7’ = Total length air tube in feet. 

W = Depth in feet to static water level. 

D = Draw at in feet, at any stage of test to correspond 
with G. 

S = Depth in feet to which air line is submerged. 

G = Pressure-gauge reading, in pounds per square inch, at 
any stage of test. 

(1) Then 7= WLDLS. 

(2) D=T—W-—S. 

As 1 pound pressure (gauge reading) =2.31 feet of head, 

(3) Then S=2.31 G. 

(4) Substituting, D=7—W—2.31 G. 

When the pump is not running, )=zero, and W can be deter- 
mined by 

(5) W=7-2.31 @. 

For example, and referring again to Figure 2, it is assumed that 
the total length of air line, 7=100 feet. Then to determine the 
distance to static water level, W, before the test is started, all water 
should be forced from the air line by use of the air pump, causing 
a gauge reading, G=—say, 344 pounds per square inch. 

Substituting values for 7’ and @ in equation (5) 

W=100—2.3134.5=20.30 feet 

To determine the ultimate draw down or the draw down at any 
stage of the test: The water is forced from the air line as in the 
preceding example and the pressure gauge @ is read. It is assumed 
that the reading is 21.5 pounds per square inch. 

Substituting values for 7’, W, and @ in equation (4) 

D=100—20.30—2.3121.5=30.04 feet 

Should this value of D equal the ultimate draw down in a test, 
then the total lift in the well would be D+ W=30.04+-20.30=50.34 
feet, and this value would be used in designing the plant. 


BATTERY OF WELLS. 


A battery of wells consists of several wells connected to a central 
pumping unit. This method is applicable where natural conditions 
limit the ground water available for pumping to one or two shallow 
strata of sand which give up water very slowly. This method is 
limited further to formations which carry a fairly constant ground- 
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water table in order to avoid the necessity of lowering and raising 
the pump unit to keep the pump within suction limits. 

In this instance the central pump unit is a horizontal centrifugal 
pump on or near the surface where the ground-water level is constant 
and is within 20 feet or so of the surface at full draw down; or this 
unit may be placed in a central pit to a depth usually not greater 
than 20 feet where the water level while pumping recedes to 30 or 35 
feet from the surface. Usually the suction line which connects the 
several wells to the central pumping unit is laid in a trench or a 
tunnel just above the water table at maximum level. The pump is 
primed by means of an air pump connected with the top of the pump 
shell. Great care must be exercised to prevent air leaks in any part 
of the suction line. 

Ordinarily the battery of wells is located in a straight line along 
the boundary fence at the upper end of the land to be irrigated. 
Water enters the wells from all directions, due to the cone of de- 
pression in the ground-water table when the pump is operating; 
hence it is seldom necessary to place the line of wells at right angles 
to the line of flow of the ground water. 

Where water under pressure may be developed from deep forma- 
tions and released into a porous stratum it may be elevated to the 
surface by means of a deep-well pump which is designed to take care 
of considerable variation of ground-water level. This method of 
ground-water development has replaced to a great extent the battery 
method formerly used in several sections of the West. 


PUMPS. 


The horizontal and vertical centrifugal, the deep-well turbine 
centrifugal, and the plunger and air-lift pumps are the types most 
commonly used and best adapted to raising water from wells for 
irrigation. 

HORIZONTAL CENTRIFUGAL TYPE. 


Usually the horizontal centrifugal pump (fig. 3) is the cheapest 
in first cost and operation and the most reliable. Further advan- 
tages are: Comparatively light weight, lack of valves and parts that 
wear out rapidly, simple operation and maintenance, and high efli- 
ciency in raising large quantities of water through moderate lifts. 
It is especially adapted to pumping 250 gallons per minute or more 
where the suction lift is not over 20 feet and for pumping from a 
battery of wells when the lift is low. A centrifugal pump can not 
be operated when submerged, and it can not be used where the 
change of water level due to pumping exceeds 20 feet, the practical 
limit of suction lift, unless it is placed in a waterproof pit below 
the static water level. If the draw down of the water during pump- 
ing is not more than 40 feet below the ground surface, this pump 
can be installed in a pit and direct-connected to an electric motor 
or belt-connected to engine or motor at the ground surface. Fifteen 
feet is usually considered the maximum depth of pit for this type of 
pump when belt-driven. 

When the total lift exceeds from 100 to 150 feet, the horizontal 
and the vertical centrifugal type described later are usuall 
“staged.” Staging means the multiplication of runners or impel- 
lers, each of which repeats the work of the preceding one, the com- 
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bination being capable of forcing the water through much higher 
lifts than can be done with a single-stage pump. 
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Fic. 3.—Blectrically driven horizontal centrifugal pump in pit. 
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To maintain a constant discharge with lowering water level, the 
speed of the pump must be increased. This generally results in a 
decreased efficiency unless the runner is charged to fit the altered 
situation. 

VERTICAL CENTRIFUGAL TYPE. 


The vertical centrifugal type differs from the horizontal type in 
that the impeller is operated by a vertical shaft, which may be of 
considerable length. Many early wells in locations favorable for 
pumping were of 10-inch diameter, and this type of pump was 
especially adapted to such conditions if the lift did not exceed 50 
feet. The pump is set in the bottom of a pit below water level and 
is driven by an electric motor or engine belt-connected to a pulley 
at the top of the shaft on the ground surface or, it may be, operated 
by a direct-connected vertical electric motor. The vertical shaft 
must be supported by a framework to prevent excessive vibration. 
The chief advantage of a vertical over a horizontal pump is that 
it may be used with an internal-combustion engine for higher lifts, 
since the length of belt between pump and engine pulleys need never 
be excessive and a belt-way need not be built. This pump may be 
used where the water level fluctuates more than 20 feet, since it may 
be placed near or below the level of greatest draw down. In fact, 
the pump is usually submerged to lessen suction lift. On the other 
hand, the same restrictions as to the depth at which the pump is 
set due to pit construction apply to the vertical pump. The dif- 
ficulty of effecting proper lubrication of pump and shaft bearings is 
likely to be troublesome. Vertical centrifugal pumps cost more 
than horizontal pumps of the same capacity. To the cost of the 
pump itself must be added the cost of a rigid framework with bear- 
ings to support the vertical shaft, and consideration must be given 
to the loss of power involved in the operation of the drive shaft, 
vibration of hich is difficult to prevent as the bearings wear. In 
many sections, the use of this pump for irrigation is giving way to 
the deep-well turbine centrifugal pump. 


DEEP-WELL TURBINE CENTRIFUGAL. 


The deep-well turbine centrifugal pump, often called the “ tur- 
bine ” type, is much used in irrigation. It is similar to the vertical 
centrifugal type in that it has its impellers or runners incased in 
shells or bowls and is driven with a vertical shaft, which is not, how- 
ever, supported by a framework. It usually consists of two or 
more bowls arranged tandem, 12 to 30 feet constituting a stage. 
(See fig. 2.) The name “turbine” comes from the diffusion vanes 
which guide the water from impeller to impeller. The principles of 
operation of this pump are the same as those previously described 
The chief differences are its compactness and its adaptability to 
insertion in cased wells at considerable depths. Wells 10 inches in 
diameter and even smaller may be pumped, but with less efficiency 
than in the larger sizes, which occasionally are 24 inches in diameter 
or more. If the capacity of the well justifies a larger pump than 
will go into the well, the upper part of the casing is enlarged as 
far down as is necessary to accommodate the bowls and the suction 
is extended into the smaller casing, or in certain instances attached 
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directly to screw casing. It is especially adapted to lifts varying 
from 50 to 250 feet. 

The deep-well turbine pump has an advantage over the horizontal 
and vertical centrifugals in that it is far less restricted as to lift. 
Lubrication being effected from the ground surface, the depth at 
which the pump is set is limited neither by the expense of pit con- 
struction nor difficulty in attendance, but only by the cost of opera- 
tion and by mechanical limitations of the pump itself. High lifts 
and large volumes of water are handled without difficulty. As in 
the case of the vertical centrifugal, the turbine pump is operated 
by means of an engine or motor at the ground surface belted to a 

ulley on the vertical shaft or is direct connected to a vertical motor 
incorporated in the pump head. 

The turbine type is more expensive than either the horizontal or 
vertical centrifugal pump. It is not adaptable to pumping from two 
or more wells simultaneously. It is generally efficient and gives little 
trouble when properly installed. It is best suited to installations 
where the water level is more than 50 feet below the ground surface or 
in other circumstances where the water level fluctuates widely. Its 
principal disadvantage, besides its comparatively high first cost, lies 
in the expense and difficulty of making repairs, which usually involve 
the withdrawal of the entire pump from the well. 

Manufacturers are likely to emphasize the ease with which this 
pump may be lowered to meet the requirements of a lowered water 
table, but this usually requires the installation of additional bowls 
or stages necessitating the removal of the entire pump from the 
well. Consequently, the expense of reassembling the pump and 
fitting additional bowls or stages should be considered in making a 
selection. 

PLUNGER TYPES. 


The plunger pump commonly used on the farm to raise water for 
domestic purposes may be utilized in irrigating very small areas. The 
plunger pump generally used and probably best adapted to pumping 
from wells consists of a brass cylinder in which operate two plungers 
with valves. (See fig. 4.) The lower plunger is connected to a solid 
rod which fits into a hollow rod to which the upper plunger is con- 
nected. The plungers are operated in such a way as to make the 
pump double-acting, one plunger being on its down stroke while the 
other is moving upward, so producing a fairly continuous discharge. 
Above the cylinder, and connected to it, is the vertical discharge pipe 
through which the water is forced by the action of the plungers. 
The pump is set in the casing with the plungers under water. At the 
surface of the ground the pump rods are attached to and driven by 
a power head, through gears, levers, or eccentrics. The power head, 
in turn, is driven by a motor or engine. The size of the cylinders 
ranges from 6 to 16 inches in diameter and the number of strokes , 
varies from 16 to 24 per minute, ranging in length from 28 to 36 
inches. By ingenious devices in some makes the downward stroke 
of each plunger is faster than the upward stroke. There is thus 
a lap in the strokes of the two plungers which does away with the 
tendency, otherwise present, for the flow of water to diminish when 
the two plungers are on dead center. A desirable feature of recent 
models is the sliding rail base on which the working head is built. 
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Working 


This permits the 
machinery to be slid 
back out of the way 
when the plungers 
or cylinder must be 
pulled. 

The plunger pump 
is best adapted to 
irrigation where 
comparatively small 
quantities of water 
must be raised from 
great depths. When 
first installed, it has 
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Fic. 4.—Electrically driven deep well plunger pump. 


of any pump, and 
under favorable 
conditions, if prop- 
erly cared for, gives 
little trouble. On 
the other hand, its 
first cost is high. 
The leathers, valves, 
and cylinders wear 
quickly where sand 

water is pumpell 
and if high effi- 
ciency is to be main- 
tained, repairs must 
be made at consider- 
able expense and 
loss of time. This 
type has its widest 
use in the irrigation 
of orchards in south- 
ern California, 
where small quanti- 
ties of water are 
pumped against 
very high heads at 
an expense wal- 
ranted only by the 
value of the irri- 
gated crops grown 
there. 

AIR LIFT. 


The simplest type 
of air lift consists 
of a discharge pipe 
which is inse 
into the well to a 
depth below the wa- 
ter surface of at 
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least twice the vertical distance of the water from the ground surface; 
an air pipe extending from a compressor to the bottom of the dis- 
charge pipe and connected to it by a casting specially designed to 
distribute the air evenly; and a tailpiece which forms a slightly 
enlarged extension of the lower end of the discharge pipe below the 
point where air is admitted. The compressor forces the air deep into 
the water, where it is released and rises to the surface, forcing a 
quantity of water up with it. 

The absence of complicated working parts beneath the surface of 
the ground is an outstanding advantage of the air lift. Sand and 
other material may be removed with the water without harm to the 
pump. If proper submergence is possible the pump may be adjusted 
to a lowering water level, and is particularly adapted to pumping 
several wells from a central power house. An air-lift pump is also 
adapted to a crooked well in which a turbine pump can not be set. 

The air-lift pump is relatively costly because of its power unit. 
Depreciation and fixed operating charges are low, but the efficiency 
is also low, and because of the low efficiency this type of plant is 
not well adapted for pumping for irrigation except under special 
conditions, such, for instance, as a number of deep wells in close 
proximity to each other, all having sufficient depth of water to afford 
proper submergence. 

OTHER TYPES. 


The pumps already described are those chiefly used in irrigation 
from wells, and it is advisable to go slowly in the purchase of any 
new and untried type, no matter what the principle of operation 
may be. Improvements constantly are being made in pumping 
apparatus, but the advantages of innovations should be demonstrated 
and well understood before they are adopted. 


SELECTION, INSTALLATION, AND OPERATION OF PUMPS, 


Under ordinary circumstances the horizontal centrifugal type is 
best adapted to lifts of 50 feet or less. If electric power is not avail- 
able, 40 feet is usually considered the maximum lift for the hori- 
zontal centrifugal. Lifts from 50 to 75 feet may be managed by 
vertical centrifugal or turbine pumps as particular conditions may 
direct. The turbine pump is best adapted to lifts from 75 to 150 
feet. There is a range between 150 and 250 feet where selection is 
possible between turbine and plunger types, but the deep-well tur- 
bine centrifugal type is best for pumping large quantities of water 
within this range of lifts. The plunger pump is to be considered 
when the depth to the water is great and the quantity of water to 
be pumped is not more than 500 gallons per minute. The air lift 
is restricted neither as to lift nor quantity of water to be pumped, 
but its low efficiency should limit its use to the special conditions 
already mentioned. 

All three types of centrifugal pumps should be ordered to fit given 
conditions of lift and capacity. Too often the only condition stipu- 
lated by the farmer ordering a horizontal or vertical centrifugal 
pump is that it discharge a specified quantity of water, but it should 
be remembered that it is possible to obtain widely varying quanti- 
ties of water from a centrifugal or turbine pump by varying the 
speed of its operation. Hence an unscrupulous pump dealer can 
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convey a false impression as to the capacity of a pump by forei 
it to an uneconomical and inefficient speed. There is only one set 9 
conditions of discharge and speed under which centrifugal pumps 
will operate for a given head at maximum efficiency. A pump 
bought in ignorance of this fact, with cheapness as the main con- 
sideration, will prove more costly in the long run than the more ex. 
pensive but efficient pump. 

The approximate capacities and efficiencies of different sizes of 
centrifugal pumps (not including the turbine type) are given in 
Table 1. In ordinary practice a good pumping plant, properly in- 
stalled, should easily reach the efficiency shown. 


Taste 1.—Typical capacities of centrifugal pumps and horsepower required 
for their operation under average conditions.’ 

















Siti tml ee | Actual || No. of | Dis- a Actual | 

centrif- | charge | horse- | Effi- | tn er || centrif- | charge | horse- Effi- Orse- 
ugal per power | ciency. | ine anat ugal per power | ciency. ver tad 
pump. | minute. | per foot eflift? || Pump. | minute. | per foot aflift? 
oflift. | ; of lift. sh | 

BeOS Bigs 3 Oe ee eal wet ike 

| | 
|\U.S. gals. Per cent. U.S. gals. Per cent. | 
2 100 0.025 | 40to045 0. 06 | 5 700 0.175 | 62 to 66 0. 28 | 
24 150 -038 | 45 to 50 08 |] 6 900 -225 | 66 to 68 34 | 
3 225 -056 | 50 to 55 es" 7 1, 200 -300 | 68 to 70 4 | 

34 300 -075 |55to60 | 14 s 7 
4 400 -100 |60t062 | = 217 |} 


4 
1,600 -400 | 70 to 74 5 


1 Above efficiencies are for pumps properly designed and installed for heads of 40 to 60 feet. Plant effi- 
ciencies can be estimated by subtracting 10 per cent for direct-connected electric motors and 17 to 22 per 
cent for helt-connected power. 


2 Efficiencies taken as the lower in preceding column. 


The amount of power lost in forcing a given quantity of water 
through a pipe varies with the length, size, and kind of pipe, the 
number and sharpness of bends, and the valves and other obstruc- 
tions to flow. When a bend must be made in the discharge or suc- 
tion pipe, a long-radius elbow should be used if possible. The suc- 
tion pipe must be air-tight and should extend at least 20 feet below 
the level to which water will be drawn. The discharge pipe should 
be carried no higher than necessary, as each foot in height increases 
the cost of pumping. 

Unlike centrifugal pumps, the discharge of the plunger pum 
can be varied by changing the speed without any sacrifice of effi- 
ciency. It should not, of course, be operated at a speed which will 
cause excessive wear. In order to reduce friction loss, suction and 
discharge pipes should be of sufficient size and have as few short 
bends as possible. This is likewise true of air-lift pumps. The 
discharge pipe or column of the air-lift pump should be large 
enough to keep the velocity of the water below 5 feet per second. 


POWER UNIT. 


Ample power must be available to operate a pumping plant with- 
out overloading the engine or motor. As a precaution the plant 
should be designed to meet a load 10 per cent greater than the 
estimated requirement. The power necessary to lift water is meas- 
ured in horsepower. One theoretical horsepower represents the 
energy required to lift 33,000 pounds 1 foot high in 1 minute 
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Table 2 shows the actual horsepower needed to lift different quan- 
tities of water to elevations of 10 to 300 feet, assuming the efficiency 
of the plant to be 50 per cent. Oil engines and motors usually are 
rated on brake horsepower. Engines and motors manufactured 
by reputable firms will deliver their rated horsepower, and in 
emergencies motors are generally good for a small overload for a 
short run; but it is never wise deliberately to overload either oil 
engines or motors, as difficulties in operation are almost certain 
to follow. 


TaBLE 2.—Horsepower required to lift different quantities of water to elevations 
of 10 feet to 300 feet. 


[Efficiency of pumping plant, 50 per cent of theoretical. Use for estimating purposes only.] 


| 

Gal- |Cubic| Elevation in feet. 

TY ON Bikini cts aca ica lean weenie aes 

per | per | | | | l | 

min- | sec- | 10 20 | 30 | 40 | 50 | 60 | 70 | 80] 90 | 100) 125! 150 | 175 | 200 | 250 | 300 

ute. | ond. }h. p. - p. |h. p. |h. p. - p. |h. p. )-P- h. p. |h. p. | h. p. | h. p. h. p. h. p.| h. p.| h. p. | h. p. 
| | | 





| 
250 | 0.56 25] 7.50) 8.75]10. OO|11. 25) 5. | 18.7 21.88) 25.00] 31.25] 37. 50 
300 | 50|12. 00/13. 50/15. 00/18. 75| 22.50} 26. 25! 30. 
5) 5. 75 30. 62| 35. 00 
35. 00} 40.00} § 


75) 9. OO|LL. 25/1: 5 20. 25/22, 50\28. 12| 33. 75 39. 39 45.00) £ 
5) 


1 

1. 
3) 1. 75) 

2 

2 


. 50 10. 00) 12. 50)15. 00 17. 50/20. 00}22. 50/25. 00}: - 50) 43. 75) 50. 
d . 00} 9. 00)12. 00/15. 00) 18. 00 21. 00)24. 00/27. 00/30. 00!2 5. 52. 50} 60. 00) 
56) 3.5 110. 50/14. 00/17. 50/21. 00 24. 50/28, 00/31. 50/35. 00 5} 52. 50} 61. 25) 70. 00) 87. 
| 4. 00} 8. 00/12. 00,16. 00/20. 00/24. 00 28. 00/32. 00/36. 00/40. 00): . 70. 00} 80. 00/100. 00) 120. 00 
4. 50} 9. 00)13, 50/18. 00 22. 50/27. 00.31. 50/36. 00/40. 50) 45. 00 5 . 50} 78. 75} 90. 00112. 50}135. 00 
5. 00/10. 00) 15. 00 20. 00 25. 00:30. 00 35. 00/40. 00/45. 00/50. 00:62. 50} 75. 87. 50} 100. 00) 125. 00}150. 00 
. 78) 6. 25 . 25:37. 50 4 50. 00/56, 25/62. 50/78. 12) 93. 75/109. 38} 125. 00) 156. 25)187. 50 
3. 34] 7. "7 . 00/22. 50 30. 00 37. 50/45. 00 52. 2 Bt 00)67. “— 00 93. 75 112, 50)131. 25) 150. 00) 187. 50/225. 00 
| | | | | | | | | 








Lifts and quantities may be derived from the following formula: 


g.p.m. xX A 

4,000 k EB 
Where g. p. m. Gallons pumped per minute. 

h Total head in feet against which pump must 
work. This includes the total vertical lift. 
plus frictional and other losses. 

E = The efficiency of the pump. 

The horsepower in this instance is the power applied at the pump 
pulley. The efficiency usually specified by the pump manufacturer 
is the F used in this formula. It must be kept in mind that friction 
caused by the movement of the water in the suction and discharge 
pipes, and obstructions to the flow caused by bends, valves, etc., 
offer further resistance which must be overcome by the pump. These 
losses converted to feet of additional height through which the water 
must be lifted, are taken into account in the A in the above formula. 
In Table 2, the horsepower of the engine or motor specified is taken 
as twice the horsepower theoretically required, this being the usual 
practice with pump manufacturers. However, as indicated in Table 
1, the value of / increases with the size of the pump. 


Horsepower = 


THE ELECTRIC MOTOR. 


Where electric current is obtainable at reasonable cost, it is the 
most satisfactory source of power for irrigation pumping. Electric 
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motors combine reasonably low cost, safety, high efficiency, reliability, 
and ease of operation. 

The range of speed in the various sizes of electric motors is such 
that they are readily adapted to the operation of pumps. The elec. 
tric motor, not requiring constant attention, may be direct connected 
to the pump shaft, so eliminating friction and slippage losses due 
to transmission through gears or belts. 

Direct-connected electric plants are compact and require legs 
housing than plants of other types, and avoid the trouble of pur. 
chasing, hauling, and storing fuel. The following rates are char 
by a California company supplying current to many pumping plants, 
They give a fair idea of the cost of such service. 


TABLE 3.—Rates charged for electricity. 


Energy charge in addition to the demand charge: 
rate per kilowatt hour for consumption per 








Annual Se er vear of— 
em horsepower per year of. 
Size of installation (horsepower). Se nme 
horse | First 1,000 | Next 1,000 | Next 1,000 | _All over 
power. | kilowatt | kilowatt | kilowatt | 3,000 kilo 
hours. hours. hours. | watt hours, 
Dollars. Cents. Cents. Cent. Cent. 
ZO 4... cccncccccccccncnccccceccccscecnes | 16.60 1.6 1,2 0.9 0.7 
DUE Bietdondncsndobescnccneecqeenccconsecnel 6.00 1.4 11 8 a 
ond heen nawumhaaw ete ee soie meh | 5. 40 1.2 1.0 -8 7 
POs ntinscacanénabonevacesdeseccenncceeu 4.50 1.1 9 75 7 


1 In no case will the total annual demand be less than $13.20. 


Any consumer may select at his option the following rate instead of 
the demand and energy rate set forth above: 


| 


Rate per kilowatt hour for consumption per horsepower per 
Annual year of— 




















minimum 
Horsepower of connected charge per | EF HEL VE amen 
load. horse- | First 300 | Next 700 | Next 1,000 | Next 1,000 | _All over 
power. kilowatt kilowatt | kilowatt | kilowatt | 3,000 kilo 
| hours. hours. hours. | hours. | watt hours. 
| | | 
| 
Dollars. Cents. Cents. Cents. Cent. Cent. 
MC LGUb cs bees snd hou bewe wand 19.06 3.8 1.6 1,2 | 0.9 0.7 
i icclicnacehdespepocmetnin 8. 00 3.4 1.4 11) 8 7 
a: fel nds absence oh on 7.50 3.0 1.2 1.0 8 7 
SU Pica b adh cabinedpessacea resea 2.6 1.1 9 75 7 





1 In no case will the total minimum charge be less than $27 per year. 


Some companies supply current at flat monthly rates, and one 
such enterprise, to encourage continuous use of power, quoting its 
rates upon “the connected load in motors or other utilization equip- 
ment which can be connected at any one time to the company’s sup- 
ply system,” allows the consumer to use electric energy, under certain 
conditions, for operating small motors to cut alfalfa or other feed, 
grind corn, operate cream separators, pump water for domestic pur- 
poses or for stock, or for like purposes. 

Where electric power is to be utilized, frequently several miles of 
power line must be provided in order to tap the main line of some 
large power company, and secondary lines must be constructed to 
each pumping plant. The cost of these power lines, especially 
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when they are long, is an important item in the cost of pumping 
plants. Ordinarily it is met at first by the consumer; but some 
companies divide it with their customers or refund it in service. 


THE INTERNAL-COMBUSTION ENGINE. 


Internal-combustion engines are efficient and with proper care 
will continue to be so through a comparatively long life. This is 
especially true of the Diesel and semi-Diesel types, which are ordi- 
narily adapted, however, only to installations of large size. It is 
commonly regarded that an engine will last from 8 to 12 years. 
Some farmers pump water only a few days per week or only a few 
hours per day, others operate their plants continuously i and 
night, and the length of the irrigation season varies widely in differ- 
ent localities; hence the life of an engine used to operate a pumping 
plant can not be estimated closely in years. Its life in hours de- 
pends upon three factors: The quality of metal and workmanship 
put into its manufacture, the load it operates under, and the atten- 
tion given to its operation, and the fuel used. The first factor is of 
interest to a purchaser, but internal-combustion engines usually 
are well built and are delivered in good condition. 

A heavily loaded engine will not last as long as one lightly loaded, 
a load of 75 to 80 per cent of the rating of the engine usually being 
the safe maximum. A substantial foundation is necessary to re- 
duce vibration; and the distance between, comparative elevations, 
and alignment of pump and engine pulleys should be such as to avoid 
belt trouble. Instructions regarding these matters are furnished 
by the pump or engine company from which the purchase is made. 
An engine should have a good sight-feed lubrication and an ample 
cooling system. Poor lubricating oil should not be used. Proper 
housing of an engine is important, particularly in a country where 
freezing weather or sandstorms occur. The housing should be as 
nearly dustproof as possible. Dust, dirt, grime, rain, and neglect 
cause rapid depreciation. Every engine should be cleaned at regular 
intervals, and bolts, springs, valves, and other parts should be ex- 
amined and necessary repairs made. 

Suitability of fuel is a big factor. One obstacle to the continued 
use of the internal-combustion engine for pumping in recent years 
has been the uncertainty about securing a supply of fuel oil at 
prices making its use practical, and it is well to select an 
engine which will run on more than a single grade of oil. An engine 
using the heavier grades of oil had best be chosen, since it will work 
with the lighter oils when the cheaper grades are not available. How- 
ever, it is false economy, when proper oil is available, to try to burn 
cheap oils which are too heavy or contain too much asphalt. 

Clean combustion is very important in prolonging the life of an 
engine. A smoky exhaust indicates a foul, dirty cylinder, injurious 
deposits, and rapid wear. Engine performance depends principally 
on the condition of cylinders and piston rings; other parts can be 
maintained in good order with occasional small expenditures. 

Difference in atmospheric pressures causes a difference in power 
produced by engines, and although this is not large it should be taken 
mto account where installations are made at considerable heights 
above sea level, 
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Cost per acre ($1,200+-120) 
Cost of operation per season: 
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COST OF PUMPING INSTALLATION. 


It is beyond the scope of this bulletin to give costs of pumping. 
plant installations in such detail that they will be generally appl. 
cable throughout the irrigated region. In order that the prospective 
purchaser may have clearly in mind the items which usually enter 
into the cost of pumping plants, estimates of the cost of plants of the 
three types in most common use are given. Conditions peculiar to 
different communities will qualify these estimates and the cost re- 
ported should be considered as suggestive only. Before a plant is 
purchased, quotations on the equipment it is proposed to install 
should be secured from reliable dealers. In each of the three types 
described the cost of the transmission line is omitted for reasons 
stated on page 22. The reader should ascertain what expense would 
be involved in bringing electrical current to his farm from the 
nearest power main and what refunds would be made in case the 
initial expense were charged to him, amending this estimate ac- 
cordingly. 


Case No. 1. 


Electrically-driven centrifugal pump in pit. (See fig. 3.) 
Conditions: 

Crop to be irrigated, alfalfa. 

Depth of water required on land, 3 feet in six irrigations, in a 30-day rota- 
tion in 6-inch applications. 

Amount of water furnished by well, 2 second-feet=900 gallons per minute, 
which will irrigate 4 acres 6 inches deep each 12 hours or 120 acres in 
thirty 12-hour days or fifteen 24-hour days. 

Lift of water=40 feet. 

Theoretical horsepower, 9. 

Plant efficiency, 60 per cent. 

Motor required, 15 h. p. 

Cost of plant: 


Well 100 feet deep, drilling at $2 per foot____.._._______ $200. 00 
Casing, 12-inch double stovepipe, 12 gauge, 60 feet, at 

eat iS Cree ee eae as 135. 00 
Casing starter 20-foot, 3-ply, and ring_.-____________- - 90. 00 
Pit, 8 by 8 by 25 feet inside; concrete 6-inch walls and 

DOU, WE OL per TO0L Glptn ae 375. 00 


Total 
Pump No. 6 single stage horizontal centrifugal, direct- 
connected to 15 horsepower electric motor, installed 
with necessary electric and hydraulic accessories__-_ 900. 00 
Pump house with overhead lifting device, concrete floor, 
re Rete, een ieee 400. 00 


SN a a ee 5 


tel “Soest OF pient. eo 


Tntereet Om SS.200 ati 7 et: Ceiba eee 147. 00 
Taxes and insurance at 1 per cent___-_-__- ee eee had 21. 00 
Depreciation of machinery (value $900) at 10 per cent__ 90. 00 


Depreciation of house and well (value $1,200 at 5 per 

Ne Se rt ack Lis coh Ht eh a a a he 
Power consumed, 11.2. kilowatts for 2,160 hours at 2 
NORE SEN: SPIRO, COIR ae ee pctireegensecae mi penceiacin 
Repairs, lubricating oil and attendance, per season____~ 50. 00 


Total cost of operating per season__-_____________________- ai 
Cost of pumping per acre season ($851.84+120)__-_.-_----__-_ 





Ct a chica gen pacrng Sonia Meche aie Ree Mico getting seston oman led $800, 00 





Cost of pumping per acre-foot of water ($7.10+8)----___-___- . BT 


It 


Ss os poses 


Pumping From Wells for Irrigation. 


Centrifugal pump in pit, driven by oil engine. 


It is estimated that the plant described in Case 1 could be 
installed with a 15-horsepower oil engine, necessary 
changes being made in pit and house design, at an ap- 
Seeenee CONG OS, 20. a 

Cost per acre for oil engine plant ($2,800- +120) 


Cost of operating with oil engine. 


Interest on $2,800 at 7 per cent $196. 00 
Taxes and insurance at 1 per cent- 28. 00 
Depreciation of machinery (value $1 600) at 10 per cent__ 160. 00 
Depreciation of house, well and pit (value $1,200) at 5 per 
EERE a eres ec cmegt oe 60, 00 
Fuel consumed 13 gallons 24- gravity ‘oil per hour for 2,160 
hours, at 5 cents per gallon______- beset 162. 00 
Repairs, lubricating oil, and attendance per season_____ 150. 00 
Total cost of operating per season = 
Cost of pumping per acre per season ($756+120) 
Cost of pumping per acre-foot of water ($6.30+3) 


Case No, 2 


Electrically-driven, deep-well turbine pump. (See fig. 2.) 
Conditions : 

Crop to be irrigated, fruit. 

Depth of water required on land, 1.5 feet in three irrigations, in a 60-day 
rotation of 6-inch applications. 

Amount of water furnished by well, 1 second-foot=450 gallons per minute, 
which will irrigate 2 acres 6 inches deep each 12 hours or 120 acres in 
sixty 12-hour days. 

Lift, 100 feet. 

Theoretical horsepower, 11.25. 

Plant efficiency, 50 per cent. 

Motor required, 25 horsepower. 

Cost of plant: 

Well 200 feet deep, drilling at $2 per foot 

Casing, 12-inch double stovepipe, 12 gauge, 180 
a Ree pis eee ee 


Casing starter 20- feet, 3- ply, and ring 


Cost of well, total : $895. 00 
Pump, deep-well turbine installed on concrete base with 

direct-connected vertical 25-h, p. motor 1, 500. 00 
Electric protection accessories________-_______-------- 200. 00 
Pump house, 8 by 8 by 7 feet posts_____-___---_-----_- 100. 00 


Cost of pumping plant installed, total_-______.__- 
Wetel-e6ek of wient: on eel te Se 
Cost of plant per acre ($2,600-7+-120) 2. 2s es 22. 46 
Cost of operation per season : 
Interest on $2,695 at 7 per cent 188. 65 
Taxes and insurance on $2,695 at 1 per cent_______----- 26. 95 
Depreciation of machinery (value $1,700) at 10 per cent. 170.00 
Depreciation of well and building (value $995) at 5 per 


Power consumed, 16,785 kilowatts for 2,160 hours at 2 
cents per kilowatt hour) 
Repairs, lubricating oil, and attendance per season 


Total cost of operation per season 1, 260. 46 
Cost of pumping per acre per season ($1,260.46+120) 
Cost of pumping per acre-foot of water ($10.50+1.5) 
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Deep-well turbine pump driven by oil engine. 


It is estimated that the plant described in Case 2 could be 
installed with a 25-horsepower oil engine, enlarged pump 
house, and foundation for approximately 

Cost per acre of oil-engine plant ($3,700+-120) 


Cost of operating per season with oil engine. 


snierent on Sa, 700 at per tet ne cs 4 $259. 0O 
Taxes and insurance on $3,700 at 1 per cent 37. 00 
Depreciation of machinery (value $2,600) at 10 per cent____ 260.00 
Depreciation of well, pump house, ete. (value $1,100) at 5 per 


55. 00 
Fuel consumed, 24 gallons per hour for 2,160 hours, at 5 
cents per gallon 270. 00 
Repairs, lubricating oil, and attendance per season 


Total cost of operating per season $1, 181. 00 
Cost of pumping per acre per season ($1,181+-120) 
Cost of pumping per acre-foot of water ($9.84+-1.5) 


CaseE No. 3. 


Electrically-driven deep-well plunger pump. (See fig. 4.) 
Conditions: 

Crop to be irrigated, apples or citrus orchards. 

Depth of water required on land, 1.5 feet in three irrigations, in a 60-day 
rotation of 6-inch applications. 

Amount of water furnished by well, one-half second-foot=225 gallons per 
minute, which will irrigate 1 acre 6 inches deep each 12 hours, or 60 
acres in sixty 12-hour days. 

Lift, 200 feet. 

Theoretical horsepower, 11.2. 

Plant efficiency, 70 per cent. 

Motor required, 20 horsepower. 

Cost of plant: 

Well 300 feet deep, drilling at $2 per foot____._._.._______ $600. 00 

Casing, 12-inch double stovepipe, 12 gauge, 280 feet at 
$2.25 per foot __.. 630.00 

Casing starter, 20 feet, 3-ply, and ring 90. 00 


Total cost of well 

Pump, double-acting, deep-well, working head on slide 
rails, connected to 20-horsepower electric motor by 
short belt and idler or silent chain, 8-inch cylinder, 
195 feet of column pipe, and double plunger rods, 


$1, 320. 00 


Installation, labor, concrete foundation, freight, ete_—_ 
Cost of pumping plant installed 3, 200. 00 


Total cost of plant 5, 220, 00 
Cost of plant per acre ($5,220+60) 87. 00 
Cost of operation: 

Interest on $5,220 at 7 per cent 

Taxes and insurance at 1 per cent 

Depreciation of machinery (value $3,500) at 10 per cent__ 

Depreciation of well and pump house (value $1,720) 
at 5 per cent 

Power consumed, 12.1 k. w. 2,160 hours at 2 cents per 


Total cost of operating per season 
Cost of pumping per acre per season ($1,476.32+-60) 
Cost of pumping per acre foot of water ($24.61+-1.5) 
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Deep-well plunger pump, driven by oil engine. 


It is estimated that the plant described in Case 8 could be installed 
with a 20-horsepower oil engine, an enlarged pump house, belt, and 
foundation for approximately___-__-_- 

Cost per acre of oil engine plant ($5, 900-4 60) - 


Cost of operating with oil engine, 


Interest on $5,900 at 7 $418. 00 
Taxes and insurance on $5,900 at 1 per cent_ 7 59, 00 
Depreciation of machinery (value $4,080) at 10 pe r cent 408, 00 
Depreciation of well, building, etc. (value $1,820), at 5 per 

EE RARER Pata pe nnnceer soa 91. 00 
Fuel consumed, 2 gallons per hour ‘for 2, 1H) hours at 5 ce nts 

per er i 216. 00 
Repairs, lubricating oil, and attendance per season 20), OO 


Total cost of operating per season 
Cost of pumping per acre per season ($1,437+0) 
Gost of pumping per acre foot of water ($23.957-1.5) 


$5, 900, 00 
08, 38 


$1, 447, 00 
28, 06 
15, 97 
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HE ESSENTIALS of a good pumping plant 

using well water are an ample supply of good 
water near enough to the surface for economical 
pumping, a well, properly constructed and devel- 
oped, a pump capable of lifting the quantity of 
water needed, an engine or motor that will deliver 
sufficient power with minimum loss of efficiency 
and at minimum cost, and a carefully planned 
installation. 

The sinking of a well which will produce an 
ample supply of water and the installation of an 
efficient and economical pumping plant require skill 
and knowledge not ordinarily possessed by the 
farmer. The purpose of this bulletin is to guide 
aright those interested in pumping from wells for 
irrigation by making available the most essential in- 
formation pertaining to the sinking of wells and the 


selection, installation, and operation of pumping 
plants. 


Washington, D.C. Issued May 1924, revised May 1934 





PUMPING FROM WELLS FOR IRRIGATION’ 


By Pau A. Ew1nG,’ associate irrigation economist, Division of Irrigation, 
Bureau of Agriculiural Engineering 
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INTRODUCTION 


URING THE PERIOD from 1919 to 1929 the total irrigated 
area in the United States increased only 1.9 percent. During 
the same period, the area irrigated exclusively by pumping from 
wells? increased 62.4 percent; in the future, water pumped from 
underground sources is likely to play an even more important part in 
the irrigation of land. 
The following considerations should have attention before money 
is spent for a well or pumping plant: 
Is the quality of the water suitable for irrigation ? 
Is the ground-water supply available from wells sufficient to meet 
the requirements ? 
Will the pumping lift be permanently low enough to justify the 
expense involved ? 
Have similar undertakings succeeded in the locality ? 
Is the power to be used for pumping reliable and cheap? 
Is the possibility of pumping for irrigation favorable from an 
engineering standpoint ? 
Has the legal status of pumping from wells been established in the 
area ? 
Besides considering these matters which pertain especially to irri- 
gation by pumping from wells, the farmer has also to give thought to 
other general phases of irrigation such as the preparation of the land 


1A compilation of contributions by F. L. Bixby, C. E. Tait, Milo B. Williams, J. C. Marr, L. M. 
Winsor, P. E. Fuller, and F.J. Viehmeyer. Free use has been made of data and statements in publications 
of various State agricultural experiment stations. 

? Revised by Carl Rohwer, with the assistance of members of the staff of the Division of Irrigation. 


§ Other large areas are irrigated in part by pum»ying from wells, but also receive water from other 
sources. 
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for irrigation, the suitability of the soil and topography for growing 
the proposed crops under irrigation, the climate, the accessibility of 
markets, and the rates charged locally on borrowed money. These 
are discussed in the following publications of the Department of 
Agriculture: 


Farmers’ Bulletins 864, Practical Information for Beginners in Irrigation; 
1243, The Border Method of Irrigation ; 1348, Corrugation Method of Irrigation; 
1518, Orchard Irrigation; 1529, Spray Irrigation in the Eastern States; 1556, 
Irrigation of Small Grain; 1630, Irrigation Practices in Growing Alfalfa ; 1635, 
Surface Irrigation in the Eastern States; Department Circular 197, The Credit 
Association as an Agency for Rural Short-time Credit. 


THE LEGAL STATUS OF PUMPING 


The legal status of pumping from wells for irrigation is not so 
well established as that relating to the appropriation of surface 
water. In some States the farmer is required to make application to 
the State for the right to appropriate ground water; in other States 
it is assumed that all landowners have common and correlative 
rights to use percolating ground water underlying their lands to the 
extent of their needs, or of a reasonable share of the supply. Where 
the ground-water level is being lowered from year to year, it is evi- 
dent that when the latter doctrine is in force, each additional well 
will lower the ground water still farther, and all the earlier users 
from the same source of supply will have to pump their water from 
a greater depth. The farmer should consider these factors, and 
where the doctrine of appropriation applies to ground water he 
should file with the proper authorities an application to pump before 
starting construction of his plant. 


THE WATER SUPPLY 


QUALITY 


Alkali and other mineral salts are sometimes present in solution 
in well water in sufficient quantities to be injurious to vegetation. 
If there is any question as to the quality of the water, an expert opin- 
ion should be obtained from the State agricultural college or some 
other qualified agency. The crops to be grown, the quantities of 
water to be applied, and the character of the soil have important 
bearings on the harmfulness of the alkali. These facts should be 
kept in mind when the suitability of the water for irrigation is being 
considered. 

QUANTITY 


The amount of water to be applied varies with the crop, the soil, 
the method of irrigation, and climatic conditions. The normal range 
is from less than 1 foot to about 4 feet in depth a year. A close 
estimate of the depth required can best be made by observing the 
efficient irrigation practice of the locality; but if there is no good 
example at hand the requirements under similar conditions in other 
sections may be taken as a guide. 

Before considering the adequacy of a well as a source of water 
supply for a farm, it is necessary to know the maximum rate at 
which water will have to be applied. Suppose, for example, that 
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40 acres are to be irrigated and that the maximum irrigation require- 
ment during the irrigation season will be 6 acre-inches of water per 
acre within a period of 10 days. The well then must be able to 
supply 20 acre-feet during a period of 10 days of continuous 
pumping; or at the rate of approximately 1 cubic foot of water per 
second. 

For economical distribution a flow of between 300 and 1,000 
gallons per minute is desirable, but if a flow of less than 300 gallons 
is available a small storage reservoir, which may be filled during the 
night, will provide the necessary stream for the next day’s irrigation 
if the pump is operated continuously. (See Farmers’ Bulletin 1703, 
Reservoirs for Farm Use.) Wells supplying less than 100 gallons 
per minute sometimes can be successfully used for irrigating small 
tracts by means of either the furrow or sprinkler method of applying 
water. When a single well does not provide sufficient water, an 
additional supply can usually be obtained by putting down a battery 
of wells and connecting them to a single pump. 

Unless an ample supply of ground water is known to exist, each 
promising water-bearing stratum should be tested carefully during 
the boring of the first well. If there is doubt as to the possibility of 
finding suitable water-bearing gravel, a test hole should be put down 
first. The ideal irrigation well is one having a small draw-down, 
even when being pumped at the maximum rate, and in which the 
ground-water level returns to within a foot or so of its original stage 
within a short time after the pump is stopped. There are, of course, 
fluctuations due to climatic conditions that are independent of those 
caused by pumping, but unless the yearly demand exceeds the supply 
the water should return to the normal level, or nearly so, before the 
beginning of the next irrigation season. Where the water table in 
a region has continued to lower for a period of years, caution should 
be exercised with reference to boring additional wells. 

The possibility of obtaining a dependable water supply from a 
well is hard to determine except by sinking a test well. The 
Department of Agriculture places no credence whatever in “ water 
witches.” (See Farmers’ Bulletin 1448, Farmstead Water Supply.) 
On high and semiarid plateaus it is not likely that water will be 
encountered at any depth that will make pumping feasible. On the 
other hand, in the valley of a large river having a sandy or gravelly 
bed, and on the adjacent benches or mesas, the chances of finding 
water in quantities sufficient to justify pumping are very favorable. 
This is often true either of a plain surrounded by high mountains 
and having little or no surface drainage, or of a desert valley 
traversed by a wide sandy river bed carrying spring floods and 
occasional freshets. Irrigated areas also are usually underlain by 
strata containing large supplies of ground water. 

The presence of ground water at a suitable depth does not neces- 
sarily indicate that an adequate supply of water may be obtained. 
If the sand in the water-bearing strata is very fine, the yield of 
water will probably be small. The conditions are most favorable 
where the water-bearing strata are coarse sand or gravel of con- 
siderable thickness. 


4One cubic foot per second will give nearly 450 gallons per minute or approximately 
2 acre-feet (sufficient water to cover 1 acre 2 feet deep) in 24 hours, 
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PUMPING LIFT 


The lift (difference in height between the surface of the water in 
the well and that at the outlet) against which water for irrigation 
may be profitably pumped varies with the value of the crop to be 
grown. If the water is to provide only a supplemental supply as 
crop insurance, a greater lift is feasible than when the total supply 
has to be obtained by pumping. The 1930 Federal census of irriga- 
tion reported an average pumping lift from open and underground 
waters of 51 feet—an increase of 10 feet since 1920. Under 
exceptional conditions water has been pumped successfully against 
a lift of 500 or more feet. It is best to avoid the possibility of 
failure by undertaking to pump only where similar ventures have 
proved profitable or where a favorable report as to the feasibility 
of pumping has been given by some competent authority. 


THE WELL 


THE WELL SITE 


If possible, a topographic survey should be made to permit 
choosing the best site for the well with reference to laying out a 
satisfactory system of ditches or pipes for irrigating the land. In 
general, the well should be located on the highest ground from which 
water can be conveyed economically in ditches to all tracts to be 
irrigated, unless distribution through pipes is planned, in which 
case a lower location may be better. In addition, the well should 
be located where the prospects for getting a satisfactory flow 
are good. 

THE WELL CONTRACT 


Usually the drilling of an irrigation well is provided for by a for- 
mal contract to protect both the farmer and the driller. The 
following considerations should have the attention of a farmer en- 
tering into such a contract: 

A contract should specify the type of equipment which the driller 
is planning to use. The farmer should find out whether the equip- 
ment is in good condition and suitable for drilling the type of well 
proposed. 

In some sections of the West, it is customary for the well driller 
to furnish casing, complete with starter section and strainer, if the 
latter is to be used. If screw casing is used, the contract should 
specify whether it is to be standard pipe or well casing, as well as 
the diameter and thickness. In the case of stovepipe casing, the 
diameter, gage, and quality of steel used, and whether the casing is 
to be single or double, should be stated. Complete details as to 
construction and materials used in the starter section and shoe should 
be given. When riveted casing is used, the kind of iron and 
whether it is black or galvanized should be indicated, as well as the 
gage and diameter. For large-diameter riveted casing, the dimen- 
sions and spacing of the reinforcing bands should be specified. The 
size and x gre the perforations should be designated, and if 


the casing is to be perforated in place, the type of perforator should 
be named. 
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If concrete casing is used, type, size, thickness, mix, and size of 
openings should be specified. For wood casing, type, size, thickness, 
kind of wood, shape and dimensions of slot, and type of shoe should 
be given. Wood pipe should be used only where it will always be 
submerged or kept thoroughly saturated. 

The dimensions of the well and the diameter and length of the 
different sizes of casing should be set out in the contract. Most well 
drillers insist on inserting a provision for minimum depth of well, 
and as a protection for the farmer the maximum depth should be 
specified so that the driller may not deliberately pass a desirable 
water-bearing stratum and drill to greater depth for the increased 
pay. The time of starting and completing the well should be speci- 
fied, and provision should be made for developing and testing. The 
contract should call for delivery to the farmer of a complete and 
detailed log of the formations encountered in sinking the well and 
of location of casing and perforations in relation to the ground 
surface. 

The prices to be paid for the various items involved in the con- 
struction of the well should be clearly set forth. The driller should 
be required to furnish bond or to advance all materials and labor 
and should not receive payment for partial completion of work. 
This protects the farmer in case it is necessary, through carelessness 
or mishap for which he is not to blame, to abandon the well and all 
or part of the casing. 

Several large well-drilling companies work for a specified sum 
per day with no charge for time consumed in making repairs. 
Another arrangement specifies a lump sum for the drilling of a well 
of definite capacity. In such an arrangement, the well driller will 
probably set his price higher than is necessary so as to protect him- 
self. Such arrangements often lead to serious differences of opinion. 

When entering upon an arrangement of this type the farmer 
should specify that the draw-down of the water surface in the well 
shall not exceed a definite limit when the quantity agreed upon is 
being pumped and that the pumping shall continue until the draw- 

own becomes constant. The test should last long enough to clear 
the water. Inability to get clear water when pumping at full capac- 
ity usually indicates improper perforation or collapse or rupture 
of the casing, or an unsuitable strainer. Such a well should not be 
accepted. 

In case it is anticipated that a turbine pump or other close-fitting 
apparatus is to be inserted in the well, the contract should specify 
that the bore of the well shall be plumb enough to permit the bowls 
to hang free; or it may be stipulated that a section of pipe, of such 
length and diameter as will insure such free suspension of the 
apparatus, shall pass freely down the bore. 


THE WELL CASING 


Well casing may be of metal, concrete, or wood, various materials 
being favored in different localities. Only the common types of 
steel casing are here described. The type of casing used depends 
on local practice and the nature of the material which it is expected 
will be encountered. Stovepipe casing is used in many water-bearing 
formations, but most successfully when coarse unconsolidated mate- 
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rials are encountered. This casing is usually perforated after the 
well is completed, by tools operated from within, which cut slits or 
gashes or punch holes with special shapes. In some cases when the 
locations of the water-bearing strata are known, the casing is perfo- 
rated in advance. Screw casing also may be perforated and has the 
advantage over other casings that it will not come apart in cavin 
material, and that it may be pulled out if the well is found to vid 
insufficiently. It is especially adapted to open-bottom wells in which 
the necessity may arise of drawing back to a certain formation after 
going beyond the desired depth. It may also be used in the sinking 
of wells, especially those 12 inches in diameter or smaller, where a 
strainer is to be inserted and the outer casing is to be withdrawn. 
Riveted casing is especially adapted to shallow wells and to coarse 
sand and small gravel formations where hard driving or forcing is 
not necessary. It may be perforated in place but is usually perfo- 
rated before being installed. When perforated before installation, 
the slots can be cut to exact size and spaced uniformly so that a large- 
capacity strainer can be obtained without dangerously weakening 
the casing. 
DOUBLE CASING 


Double well casing, sometimes called “ stovepipe ” casing, consists 
of inside and outside sections, usually 2 to 3 feet long, made so that 
the inside section can be forced into the outside section, thereby 
forming a double casing with a joint in the middle of each section. 
The sections are forced down, one at a time, as the well is deepened, 
The sections may be joined by riveting or welding. The surfaces 
in contact on the inside and outside sections are made smooth in 
riveted sections by countersinking the rivet holes and in welded sec- 
tions by grinding off the beads. The heads of the rivets in the 
sections are placed so that the surfaces of the sections in contact will 
be smooth. The ends of the sections are faced in a lathe so that 
when they are forced together the ends butt evenly and squarely 
against each other and are held from slipping by each other. Some- 
times as the sections are assembled they are profusely dented by a 
pick and so are kept from slipping apart in the well, in case the 
drilling tool should hang on the casing or on the shoe. Sometimes 
the sections are riveted or welded together. 

Double well casing may be obtained in all diameters from 4 to 30 
inches or larger. The 16-inch size is most often used in irrigation 
wells. The thickness of the casing varies from 8 to 16 gage, depend- 
ing on the diameter and depth of the well. True stovepipe casing, 
known to the trade as “ telescope casing”, is made so that the end 
of one joint slips into the end of another joint about 11% inches. 
It is suitable for only comparatively shallow wells and is short-lived. 

A starter, usually consisting of eight 2-foot sections of casings of 
double or triple thickness riveted or welded together and then to a 
drive shoe, forms the first section upon which rests the “ string of 
easing.” If the material is fine and contains no boulders or hard 
material, the 2—ply, 16 to 10 gage starter, will be ample; otherwise 
the starter should be 3-ply. The drive shoe is slightly larger in out- 
side diameter than the following casing, and as a result cuts a hole 
larger than the casing, which makes driving easier. The drive shoes 
used with stovepipe casing are usually larger and heavier than those 
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needed for other casing and have a shank which is riveted or welded 
to the casing; the latter slips over the shank and butts against the 
shoulder on the outside of the shoe. 

Sometimes the casing is driven, for which operation a drivehead 
is used. This is composed of a heavy cast or forged steel cap, 
recessed so as to fit the top of the casing snugly. A pair of heav 
clamps is bolted to the drill stem which is raised and allowed to fall 
as in the drilling stroke, the clamps striking the drive cap. Such 
casing has been driven as far as 200 feet in heavy boulder formation, 
though it is generally believed that it cannot be sunk except with 
hydraulic jacks or levers, sometimes called “ pries”, which exert a 
steady and uniform pressure. Generally the use of hydraulic jacks 
is preferred to driving. 

Rinepine casing is likely to fall apart in fine sands unless it is 
riveted or welded together before being sunk. To prevent this, a 
substantial footing for the casing must be found. 


SCREW OASING 


Screw casing may be standard wrought-iron pipe with ordinary 
outside ene Om, but for heavy driving, extra-strong pipe, threaded 
to permit the ends to butt, and line pipe couplings should be used. 
“Inserted joint” casing has one end of each length threaded inside 
after being expanded slightly, thus reducing the resistance when the 
casing is being lowered. Joints so made will stand very little driv- 
ing. Screw casing may be obtained in a number of weights, such as 
light well casing (about half as thick as standard pipe), standard, 
and extra-heavy pipe. When screw casing is used, whether with 
standard coupling or inserted joints, a steel drive shoe must be 
screwed and riveted or welded to the bottom of the first length of 
pipe. Such a shoe should be of a thickness that will permit it to be 
safely driven through hard strata or against boulders. It is usually 
from 34 to 1 inch thick when used with large sizes of casing, and 
from 5% to 34 inch thick for sizes below 10 inches, 


RIVETED CASING 


Riveted casing is composed of rolled steel sheets in sections from 24 
to 36 inches in length, either plain or galvanized to make it rust- 
resistant, The thickness depends on conditions but usually varies 
between 16 and 8 gage. It is convenient to handle, but will stand 
only light driving and generally must be forced down by weights, 
hydraulic pressure, or pries. It is often used in diameters of over 20 
inches for pit or dug wells, the weight of iron being proportioned to 
the diameter and depth of the well. This casing, especially in gal- 
vanized iron, may usually be obtained locally from sheet-metal shops. 
If of heavy iron, it must be obtained from boiler or pipe manufac- 
turers at prices varying according to the gage. 

Large-diameter casing is usually strengthened at the joints, the 
weakest places in the casing, by butting the ends together and using 
inside or outside collars riveted to each section. This precaution is 
necessary if the casing must be forced into a hard formation, and 
some kind of drive shoe at the bottom will be needed to prevent 
battering of the casing by boulders or other hard material. 
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STRAINERS 


Strainers have been used principally in fine-sand formations, but 
it has been found that where the water-bearing strata are of sand so 
fine as to call for special strainers, wells are likely to fail anyway, 
and in many sections this use has been discontinued owing to the 
expense involved and the uncertainty as to their effectiveness, 
Gravel envelops around the casing instead of strainers are now 
frequently used successfully and at much less expense if the well is 
not too deep. (See below.) : 

If conditions seem to call for a strainer, it should be of a ty 
known to be successful in similar formations.° Some water may te 
pure enough for irrigation but still contain enough salts to corrode 
certain metals to the extent of closing the openings, or it may form 
deposits on the strainer, thereby rendering it useless. These facts 
should be kept in mind when considering the use of a strainer. 


PERFORATIONS 


Wells may fail to supply the amount of water they are capable of 
yielding because of insufficient perforation of the casing. Where 
possible, casing should be perforated before installation. While no 
definite rule can be given, it is recommended that the sections of 
casing to be perforated be provided with as many perforations as can 
be made without seriously weakening the casing. As much as 40 
percent of the metal may be cut away, but the proportion must be 
varied according to the shape and size of the Cartorations which 
are determined by the material to be screened. When perforated in 
place, slits from 4 to 6 inches apart should be made in each ring or 
circle, a space of 4 to 6 inches skipped, and a second ring or circle 
of slits then made, staggered with respect to the preceding set. 
Under any conditions, the proper perforating of casing in place 
is difficult to effect, and it would be well for the farmer to request 
a visible test of the efficiency of the apparatus before an attempt is 
made to perforate the casing underground. Many wells that do not 
produce sufficient water after the first set of perforations is made 
are much improved by repeating the operation. 


TYPES OF WELL 


GRAVEL-ENVELOP WELL 
In some sections the gravel-envelop or gravel-screen type of well 
is found to be very satisfactory. Perforated casing is put down in 
the usual manner, and as the casing goes down clean gravel is placed 
around the casing. The movement of the casing a the jarring by 
the well-drilling tools carries the gravel down with the casing. Cass 
should be exercised to see that the gravel is provided free passage 
around the casing in the zone above the water level by making the 
well larger than the casing or by providing special passages for the 
ravel. 
° When properly made, the gravel-envelop well has many advan- 
tages over the type in which the casing is perforated in place, chief 


nee eemES Paper 257, U.S. Geological Survey, Well-Drilling Methods, by Isaiah 
owman, 




















PUMPING FROM WELLS FOR IRRIGATION 9 


of which is the reduced resistance to flow near the well casing. 
Moreover, in fine-sand formations the gravel will replace the sand 
pumped out and this will prevent caving. The continuous screen 
of gravel insures free entry from every water-bearing stratum, 
whereas in perforating a casing after it is in place, the perforator 
may miss some of the water-bearing strata unless accurate records 
are kept during the drilling process and careful measurements are 
made during the perforating. 

If temporary outside casing is used, it should be jointed strongly 
enough to permit its being pulled from the well. Stovepipe casing 
will not withstand this operation, but is sometimes used as the outer 
casing, being left in the well with the inner casing and the enclosed 
gravel screen. When this plan is followed, the outer casing, which 
is of large diameter (18 to 24 inches) is perforated in place opposite 
the water-bearing strata. The inner casing, which may be of either 
the stovepipe type or of the jointed pipe, is perforated before being 
inserted. Screened gravel is placed between the two casings after 
both are in place. This makes an expensive installation but one 
which has proved successful in many instances. It has the special 
advantage in some formations of affording double protection to the 
bowls of a deep-well turbine which might be lost or rendered ineffec- 
tive by the destruction or collapse of a single casing as the result 
of caving. 

GPEN-BOTTOM WELL 


Many irrigation wells of the type known as “ open-bottom wells ” 
have been successful in stratified formations such as are found in 
many sections of the West. In this type the bottom of the casing is 
open, and all or part of the water enters through this open end. 
Often such a well is improved by perforating the casing to admit 
ed from some higher stratum in addition to that coming from 

elow. 

The conditions most favoring an open-bottem well exist where 
the lowest water stratum tapped underlies a thick, hard layer in 
which the casing can be embedded firmly to form a foundation for 
the pipe and act as a seal to prevent water from carrying sand down 
from above, outside the casing. The presence of the hard layer or 
layers is essential to the success of the well. As an added precaution, 
the hole bored through the hard stratum should be at least 2 inches 
smaller in diameter than the casing. 

The hard layer acts as a roof over the water-bearing stratum from 
which, if it is fine sand, the fine materials will be pumped out 
gradually until a large cavity is formed in the bottom of the well. 
Under such conditions it is necessary that the hard layer be thick 
enough to prevent serious caving. Should the roof give way under 
the test, it will be necessary to drive the casing through the water- 
bearing stratum and embed it in hard materials below. Perforations 
can then be made opposite the water, and the open-bottom well will 
be changed to a closed-bottom well. Screw casing is especially 
adapted to the construction of this type of well as it can not pull 
apart. 

r BATTERY OF WELLS 


A battery of wells consists of several wells connected to a central 
pumping unit. This arrangement is feasible where natural con- 
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ditions limit the ground water available for pumping to 1 or 2 
shallow strata of sand which give up water slowly. Because of the 
necessity for keeping within suction limits, the adaptability of the 
arrangement is limited further to formations in which the elevation 
of the ground-water table remains fairly constant. 

Usually the suction lines or siphons which connect the several 
wells to the central pumping unit are laid in trenches or tunnels just 
above the maximum level of the water table. As these lines operate 
under a vacuum, great care must be exercised to prevent air leaks. 

In most instances a horizontal or vertical centrifugal pump is 
used when a battery of wells is installed. The wells are either con- 
nected directly to the suction inlet of the pump by a suction header, 
or the water from the wells is brought by siphons to a central well of 
larger diameter over which the pump is placed. When siphons are 
used, a deep-well turbine pump may be placed in the central well. 
Such an arrangement is more satisfactory when the ground-water 
level is at a considerable distance beneath the surface, as this obviates 
the necessity of placing the pump in a deep pit. 

Siphons have to be primed but if they are free from air leaks they 
will retain: their priming for a considerable time. Horizontal or 
vertical centrifugal pumps usually have to be primed each time they 
are started. i large capacity vacuum pump should be used in 
priming siphons and centrifugal pumps with suction headers as a 
large volume of air has to be removed. 

Ordinarily, though not necessarily, the battery of wells is located 
in a straight ‘line along the boundary fence at the upper end of the 
land to be irrigated. Water enters the wells from all directions 
when the pump is operating, hence it is seldom necessary to place 
the line of wells at right angles to the line of flow of the ground 
water. 

WELL DEVELOPMENT AND TESTING 


Pumping equipment should not be purchased until the well is 
thoroughly developed and tested. If the pump is too large it must 
be throttled, or it will pump the well dry; if the pump is too small, 
the full capacity of the well will not be developed. Continuous 
throttling of the pump increases the power requirement, and the 
money thus spent for additional power is wasted. Often wells 
increase in capacity with the first pumping. This is especially true 
when the water-bearing material contains fine sand, silt, or clay 
which can be removed by pumping. Often, therefore, heavy pump- 
ing is desirable before a test is run. 

It is impossible for pump manufacturers to supply efficient pump- 
ing machinery without accurate information regarding the condi- 
tions under hich the plant must work, and they should ‘be furnished 
with the following information when their estimates of costs are 
requested : 

Well data: 

Inside diameter, length, and distance from ground surface to top of each 
size of casing. 

Total depth of well. 

Whether well is plumb, and if not how much out of plumb it is. 

Dimensions of pit. 
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Water conditions: 

Capacity required in United States gallons per minute (g.p.m.). 

Maximum amount obtained in test in gallons per minute. 

Distance from ground surface to water level in well before pumping. 

Distances from ground surface to water level in well when pumping 
different quantities of water, with distance and gallons per minute 
given in each case. 

Estimated distance from ground surface to water level in well when 
pumping required amount. 


Inside diameter, length, and difference in elevation between surface of 
ground at well and delivery point of discharge pipe. 
Type of drive: 
Whether pump is to be direct-connected to electric motor or belt-driven. 
If motor driven, voltage, phase, and cycles. 
If belt-driven, revolutions per minute (r.p.m.) of the engine, horsepower 
at pulley (hp.), and diameter of pulley. 

Much of the information required can be obtained only by an 
adequate test of the efficiency of the well and such test should be 
made as soon as possible after the well is completed. 

Before the test of a new well is begun the well should be developed 
by being pumped. For this purpose and for testing the well a 
centrifugal pump, deep-well turbine, or air-lift pump may be used. 
Centrifugal pumps can be used where the water is not to be drawn 
down more than about 25 feet below the center line of the pump; 
otherwise when the well is being pumped at the maximum capacity de- 
sired, deep-well turbines or air-lift pumps must be used. A tractor or 
other temporary power unit should be provided to operate the pump. 

The average well should be developed slowly by controlling the 
discharge of the test pump. This is done either by varying the speed 
of operation or by opening the gate valve in the discharge pipe. A 
small quantity should be pumped at first. If sand appears in the 
water first pumped, the plant should be run with a uniform dis- 
charge until the water begins to clear. Then the gate valve can be 
opened or the speed of the pump increased until larger quantities 
of sand appear in the water, this operation being repeated until the 
capacity of the pump or well is reached. 

When the development process is started, everything should be in 
readiness so that there will be little likelihood of having to sto 
the pump before the well has been pumped thoroughly. This is 
especially desirable when fine sand must be contended with, as 
stopping the pumping too soon may cause clogging of the well or 
pump. In other instances, when difficulty is experienced in starting 
the flow, it may be advisable to fluctuate the discharge by starting 
and stopping the pump in order to agitate the water in the well. 
This is known as “ rawhiding.” 

Pumping water containing sand-or silt continuously in any con- 
siderable amount speedily reduces the efficiency of the permanent 
installation by abrasion of the pump fittings. Such materials, more- 
over, are seriously detrimental if pumped into a pipe line or reser- 
voir. To insure against such a possibility it is good practice to test 
the well as far beyond the proposed capacity of the permanent 
installation as is reasonably practicable. 

In some sections, wells are developed by means of either the “ mud 
scow ” used in drilling the well or the surge block.* In either case 


®° The Stovepipe or California Method of Well Drilling as Practiced in Arizona. Univ. 
of Ariz. Bul. No. 112. 
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the process is the same and consists of plunging the mud scow or 
surge block up and down, with fairly long strokes, opposite the 
perforations. The usual practice is to begin at the top, and grad. 
ually work down to the bottom of the well. The surging of the 
water draws the fine sand through the perforations into the well, 
As sand accumulates in the bottom of the well, it must be bailed out, 
The surging is continued until sand no longer comes into the well, 
and may take from one to several days. Very good results are 
obtained by this method. 

As soon as the developing is completed, the well is ready to be 
tested; but before the test is started, pumping should be done for 
several hours at the maximum capacity of the well or of the testing 
apparatus. When there is no longer any apparent fluctuation in 
the discharge and the draw-down remains constant a careful meas- 


16.5' PROBABLE ECONOMIC DRAW-DOWN 
GIVING 1000 G.P.M. 


DRAW-DOWN IN FEET 


GALLONS PER MINUTE 
Fieurr 1.—Typical well-test chart. 


urement of the flow should be made and the draw-down below the 
static level noted (p. 13). The discharge should then be reduced 
until the draw-down below the static level is only 4 feet. When this 
level has been maintained for about 15 minutes or the draw-down 
has become constant the discharge and draw-down should be meas- 
ured accurately. The discharge should then be increased until the 
draw-down is 6 feet. ‘The operation should be repeated with draw- 
down intervals of 2 feet until the capacity of the well or testing 
equipment has again been reached. In this way enough readings 
— be obtained to indicate the performance of the well at different 
lifts. 

The results of the test should then be plotted graphically on a 
chart similar to that shown in figure 1. The vertical scale represents 
draw-down in feet, and the horizontal scale, discharge in gallons 
per minute. The rate of increase in flow per foot of draw-down is 
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indicated by the general slope of the line connecting the test points 
plotted on the chart, and the extension of the line beyond the last 
test point gives an indication of what may be expected if pumping 
is continued at higher rates. Such extension, however, should be 
used with caution as the discharge per foot of draw-down may drop 
off suddenly except where wells penetrate deep into the water- 
bearing material. From the test data, plotted as shown, a safe and 
economical lift can be assumed and the factors necessary for the 
design of machinery to fit the well can be determined. 

The discharge may be measured with a suitable weir or flume as 
described in Farmers’ Bulletin 1683, Measuring Water in Irrigation 
Channels. The weir can be installed in a pr operly designed box or 
in the bank of a small reservoir constructed for the purpose. Some- 
times a length of discharge pipe equipped with an end orifice, properly 
calibrated, is used. An approved flow meter, such as is used by pump 
manufacturers, may also be employed. 


DETERMINING THE DRAW-DOWN 


The draw-down is the difference between the distance from the 
ground surface to the water surface in the well before pumping is 
started and the corresponding distance after the pump has been 
running long enough so that the surface of the water remains prac- 
tically ‘stationary. When a well is being tested with a centrifugal 
pump, the draw-down can usually be deter mined by direct measure- 


ment with a tape and float. If the pump is ed Fo with a vacuum 


gage it should be connected on the center line of the suction inlet. 
If the vacuum-gage readings are in feet the draw-down can be deter- 
mined approxim: ately by taking the difference between the vacuum- 
gage reading when the pump is primed and that taken when the 
pump is operating. If there is a foot valve on the suction pipe, the 
depth to the static water level should be measured with a tape because 
the vacuum-gage reading, when the pump is being primed, will not 
be correct if there is even a slight air leak. Furthermore, the results 
obtained by use of the vacuum gage during the operation of the 
pump are only approximate, as ‘the gage also indicates the addi- 
tional suction due to friction in the pipe and other losses. If a 
mercury gage is used, the difference in inches of mercury should be 
multiplied by 1.13 to get the difference in feet, and if the gage reads 
in pounds pressure the difference in pounds should be multiplied 
by 2.31 to get the difference in feet. 

Deep- well turbines are frequently so installed that there is very 
little clearance between the bowls and the casing. When this occurs 
the tape-and-float and other direct methods of determining the draw- 
down cannot be used. Figure 2 illustrates a convenient way to deter- 
mine the drawn-down under these conditions. A one fourth inch air 
tube of known length is placed in the well alongside the turbine. If 
possible, this tube should ¢ long enough to reach at least 10 feet below 
the level of probable maximum drawn-down. The lower end of the 
airline pipe should be located at least 5 feet either above or below the 
suction-pipe inlet, since the relatively rapid flow at that point might 
affect the gage reading if the two intakes were too close together. 
To the upper end of the air line a pressure gage reading in feet and 
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a hand air pump with valve are attached in such a way that all the 
water can be forced out of the tube, and the air pressure in feet of 
water necessary to do this be read on the gage. When additional 
pumping into the tube does not increase the reading of this gage all 
the water is out of the tube. In the event that a gage reading in 
inches of mercury or pounds per square inch is used, the conversion 
to feet of water should be made, as previously explained, by multi- 
plying by 1.13 for the mercury gage, and by 2.31 for the gage reading 
in pounds. The pressure in feet of water required to force all the 
water out of the tube shows the depth of submergence of the tube, 
and this value subtracted from the length of the tube, is the depth to 
water below the pump base at any stage of the test. The draw-down 
is the difference between readings of the gage taken when the pump 
is operating and when it has been standing idle long enough for the 
water in the well to reach its static level. 

For example, assume the length of the air line, 7’, in figure 2 to be 
100 feet. To determine the distance to the static water level, W, 
before the test is started all the water should be forced from the air 
line by use of the air pump, causing a gage reading, G, of, say, 79.7 
feet. Then 100—79.7=20.3 feet= W, the distance to water. If the 
gage reading had been in pounds per square inch the reading would 
have been 3414 pounds, which, when converted to feet by multiplying 
by 2.31, as before, also would equal 79.7 feet. 

To determine the ultimate draw-down, or the draw-down at any 
stage of the test, the water is forced from the air line as in the pre- 
ceding example, and the pressure gage is read. Assume that the 
reading, G, is 49.7 feet. Then 49.7 (S in the figure) subtracted from 
79.7, (S+D in the figure) gives 30.0 feet, which equals D or the 
draw-down. 

Should this be the ultimate draw-down in the test, the total lift 
would be D+ W=30.0+ 20.3= 50.3 feet. This lift would be used in 
designing the plant. 

THE PUMPING PLANT 


THE PUMP CONTRACT 


A formal contract should be drawn for the purchase of pumping 
equipment for the well. It is also desirable to have a contract to 
insure the installation of an efficient plant and to reduce the chances 
for disputes. 

To eliminate controversies due to divided responsibility, the pur- 
chase and installation of the pump and motor or engine should be 
covered by a single contract. Then, if a question arises concerning 
any of the equipment, the farmer has to deal with the pump com- 
pany only. The contract should specify exactly what is to be 
furnished by the pump company and what is to be furnished by the 
farmer. Care should be exercised to see that no accessories are for- 
gotten, such as pressure gage and tube for measuring draw-down, 
starter, and wiring motor. The time limits on delivery and installa- 
tion also should be specified. 

The contract should show the guaranteed performance of the 
pump; that is, the horsepower required for pumping against the 
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normal lift and also for lifts 10 percent both above and below the nor. 
mal. The data used should preferably be based on the actual results 
from the test of the well. The horsepower required under these con- 
ditions is measured at the meter for direct-connected units, and atthe 
pump pulley for belt-driven installations. The method of measuring 
the lift depends upon the type of pump and should be clearly set forth 
in the contract. In centrifugal pumps it is the sum of the total 
suction lift, as measured by a vacuum gage at the center line of the 
suction inlet, and the lift, measured by a pressure gage at the center 
line of the discharge pipe at the pump, plus the difference in eleva- 
tion between the points of connection of the two gages to the pipes, 
In deep-well turbines it is the vertical distance between the surface 
of the water in the well and the center of the discharge pipe at the 
pump, plus the total lift above this point, including allowance for 
friction in the discharge pipe line. The friction loss in the column 
of the deep-well turbine is not included. 

Provision should be made in the contract for testing the pump. 
Either a factory or a field test is satisfactory, but it is advisable for 
the farmer to have an engineer present at the tests in order to 
eliminate disputes. 

The time and method of payment for the equipment also should 
be specified in the contract. 
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TYPES OF PUMPS 


The horizontal centrifugal, vertical centrifugal, and deep-well tur- 
bine centrifugal are the types of pump most commonly used as best 
adapted to raising water from wells for irrigation. For special 
conditions, plunger, air lift, and screw pumps are sometimes used. 


HORIZONTAL CENTRIFUGAL 


The horizontal centrifugal pump (fig. 3), when suited to the local 
conditions, is generally accepted as the cheapest in first cost and 
operation and the most reliable. Further advantages are its com- 
paratively light weight, lack of valves and parts that wear out rap- 
idly, simple operation and maintenance, easy accessibility, and rela- 
tively high dieinaes. It is especially adapted to pumping 100 or 
more gallons per minute from either a single well or a battery of 
wells when the suction lift does not exceed 20 feet. A horizontal 
centrifugal pump cannot be operated when submerged and it cannot 
be used where the total suction lift exceeds the practical limit—20 to 
25 feet at sea level.? If the vertical distance from ground surface to 
water level during pumping is not more than 40 feet, the pump may 
be installed in a pit and belt connected to an engine or motor at the 
ground level. From 15 to 20 feet is usually considered the maximum 
depth of pit for this type of pump when belt driven. 

When the total lift (from water surface te outlet of discharge 
pipe) exceeds 150 to 250 feet, either the horizontal centrifugal ty 
or the vertical centrifugal type (described later), if used, is usually 
“staged”. Staging consists in installing additional runners or im- 


™At 5,000 feet elevation the practical limit of suction is 17 feet, and at 10,000 feet 
it is 14 feet. 
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Figure 3.—Electricaily driven horizontal centrifugal pump in pit. 
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pellers, each of which repeats the work of the preceding one, the 
combination being capable of forcing water through much higher 
lifts than a single stage pump can. 


VERTICAL CENTRIFUGAL 


In the vertical type of centrifugal pump the impeller is operated 
by a vertical shaft which may be of considerable length. It is 
adapted to wells where the depth to water does not exceed 50 feet 
when pumping is being done. The pump is usually set in the bottom 
of a pit below water level and is driven by an electric motor or 
engine, belt-connected to a pulley at the ground surface. The shaft 
must be supported by the pump discharge column or by a framework 
to prevent excessive vibration. A special type of vertical centrifugal 
pump, with the motor direct-connected to the pump, is sometimes 
used. This arrangement eliminates the necessity of having a long 
shaft, but the pump cannot be submerged. 

The chief advantages of a vertical centrifugal over a horizontal 
centrifugal pump are that it will operate in a smaller pit and that no 
beltway need be provided when the pump is belt-connected with an 
engine or motor. Since this pump may be placed below the water 
surface it may be used where the water level fluctuates more than 20 
feet. In fact, the pump is usually submerged to lessen suction lift 
and to eliminate the necessity for priming. The proper lubrication 
of pump and shaft bearings is likely to be a troublesome problem 
unless the shaft and bearings are enclosed in a tube. A vertical cen- 
trifugal pump costs more than a horizontal pump of the same 
capacity, and usually requires more power because of friction in the 
drive shaft, vibration of which is difficult to prevent as the bearings 
wear. 

DEEP-WELL TURBINE CENTRIFUGAL 


The deep-well turbine centrifugal pump, often called the “ turbine 
type ”, is much used in irrigation. It is similar to the vertical cen- 
trifugal type in that the impellers or runners are incased in shells 
or bowls and the pump is driven by a vertical shaft placed inside 
the discharge column either in a tube when oil lubricated, or held 
by rubber bearings attached to spiders in the pump column when 
water lubricated. It usually consists of two or more bowls arranged 
in tandem, 10 to 30 or more feet constituting a stage (fig. 2). The 
name “turbine” comes from the diffusion vanes which guide the 
water from.impeller to impeller. 

This pump is compact and is adaptable to insertion in cased wells 
at considerable depths. It may be used in wells 10 inches and even 
less in diameter but is more efficient in the larger sizes, which 
occasionally are 24 inches in diameter or more. If the capacity of 
the well justifies installing a pump larger than will go into the well, 
the upper part of the casing is enlarged as far down as it is necessary 
to accommodate the bowls, and the suction is extended into the 
smaller casing or, in certain instances, attached directly to screw 
casing. It is especially adapted to lifts from 50 to 250 or more feet. 

The deep-well turbine has an advantage over the horizontal cen- 
trifugal and vertical centrifugal types in that it is far less restricted 
as to lift, lubrication being effected from the ground surface except 
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in the case of water-lubricated rubber-bearing pumps. The depth 
at which the pump is set is limited neither by the expense of pit 
construction nor difficulty in attendance, but only by the cost of 
operation and by mechanical limitations of the pump itself. It 
does not require priming to start. High lifts and large volumes of 
water are handled without difficulty. The turbine pump is oper- 
ated by means of an engine or motor at the ground surface, being 
belted to a pulley on the vertical shaft by means of either a flat 
belt or multiple V-belt, or direct-connected to a vertical motor incor- 
porated in the pump head. 

The turbine type is more expensive than the horizontal centrifugal 
or vertical centrifugal types. The latest models of this type are 
highly efficient and give little trouble when properly installed. They 
are best. suited to places where the water level is more than 20 feet 
below the ground surface, or where the water level fluctuates widely. 
Their principal disadvantage, besides comparatively high first cost, 
lies in the expense and difficulty of making repairs, which usually 
involve the withdrawal of the entire pump from the well. 

Manufacturers are likely to emphasize the ease with which the 
pump may be lowered to meet the requirements of a lowered water 
table, but this usually requires the installation of additional bowls 
or stages, necessitating the removal of the entire pump from the well. 
Consequently, the expense of reassembling the pump and fitting 
additional bowls should be given consideration. 


PUMPS FOR USE UNDER SPECIAL CONDITIONS 


The plunger pump, commonly used on the farm to raise water for 
domestic purposes, may be utilized in irrigating gardens, but for 
larger areas heavy-duty plunger pumps (fig. 4), with two-stroke 
cylinders and special power heads for operating the two pump rods, 
should be used. Double-action cylinder pumps are also made with a 
single rod. Such pumps have the advantage that the cylinders and 
valves may be withdrawn for inspection and repairs. The plunger 
pump is best adapted to irrigation when comparatively small quan- 
tities of water must be raised from great depths. When first installed 
it has the highest efficiency of any pump but, on the other hand, its 
first cost is high. The leathers, valves, and cylinders wear quickly 
where sandy water is pumped, and if high efficiency is to be main- 
tained repairs must be made at considerable expense and loss of time. 

The air-lift pump is particularly adapted to pumping from 
several wells using a central power house, wells that are too crooked 
for turbine pumps, and for pumping water carrying sand. The 
air-lift type consists essentially of a discharge pipe, an air line 
extending to the bottom of the discharge pipe, an air compressor, 
and a source of power. The absence of complicated working parts 
beneath the surface of the ground is an outstanding advantage of 
this pump. The submergence of the discharge pipe must be from 
1 to 2 times the lift. The air-lift pump is relatively costly, and its 
eficiency is low. For these reasons it is generally not adapted to 
pumping for irrigation. 
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Ficure 4.—Electrically driven deep well plunger pump. 
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A pump similar in form to the turbine, except that the water is 
lifted axially by screws instead of centrifugally by impellers, is 
obtainable for pumping large quantities of water from wells of small 
diameter. These pumps are known as “ axiflow ” and “ direct-flow ” 
turbines. Large in diameter, single-stage pumps of this type are very 
efficient in pumping large quantities against low heads. A com- 
bination of the screw and impeller type, known as the mixed-flow 
pump, combines the advantages of both types. 


OTHER TYPES 


The pumps already described are those chiefly used in irrigation 
from wells, and it is advisable to exercise caution in the purchase of 
any new and untried type, no matter what the principle of operation 
may be. Improvements in pumping equipment are being made 
constantly, but the advantages of any innovations should be dem- 
onstrated and well understood before they are adopted. 


THE POWER UNIT 


Ample power to operate a pumping plant without overloading the 
motor or engine must be available. This is particularly the case 
with respect to an engine. Some centrifugal pumps require addi- 
tional power if the draw-down becomes less than was expected 
because they then pump more water. For this reason the plant 


should be designed to meet a load 10 percent greater than the 
estimated requirement. Some of the older types of centrifugal 
pumps were so designed that in using them there is danger of over- 
loading when the lift is less than normal. Modern types, however, 
are equipped with what is known as a “nonoverloading impeller ” 
thereby insuring that, regardless of the lift or total head, the motor 
will not be called upon to ‘arry an overload. 

The power necessary to lift water is measured in horsepower.® 
Table 1 shows the approximate horsepower needed to lift different 
quantities of water to elevations of from 10 to 300 feet, assuming the 
efficiency of the plant to be 50 percent. Oil engines and motors 
are usually rated on brake horsepower. Engines and motors manu- 
factured by reputable firms will deliver their rated horsepower. 
Motors may be overloaded as much as 10 percent in an emergency 
without injury, but it is never wise to deliberately overload oil 
engines, as difficulties in operation are almost certain to follow. 
Consideration should also be given to the effect of altitude in 
reducing the power from internal-combustion engines. 


8Qne horsepower represents the energy required to lift 33,000 pounds 1 foot in 1 minute. 
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TABLE 1.—Horsepower required to lift different quantities of water to eleve- 
tions of 10 to 300 feet 


ak 
[Efficiency of pumping plant 50 percent of theoretical. Use for estimating only] i 
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Cubic Horsepower required for elevations of. 
Gallons per minute feet per ] 
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13.64 | 15.15 
15.91 | 17.68 
18.18 | 20.20 
20.45 | 22.73 
22.73 | 25.25 
27.27 | 30.30 
31.82 | 35.35 
36.36 | 40.40 
40.91 | 45.45 
45.45} 50.51 
56.82 | 63.13 
68.18 | 75.76 
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The horsepower may be derived from the following formula: 


iI 


N'A ig ae 


% ong P-m.Xh 
Horsepower “3,960XE 


where g.p.m.=gallons pumped per minute, g 
h=total lift in feet against which pump must work. 
This includes the total vertical distance between the 
water surfaces plus frictional and other losses. 
E=the efficiency of the pump expressed as a fraction. It 
is the ratio of the water horsepower to the horse- { 
power applied to the pump shaft. 
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—— 


— 


The horsepower given by the formula is the power applied at the 
pump pulley. The efficiency specified by the pump manufacturer is 
the / used in the formula. It must be kept in mind that friction 
caused by the movement of the water in the suction and discheay 
pipes, obstruction to the flow caused by changes in velocity, bends, 
valves, etc., offer further resistance which must be overcome by the 
pump. These losses, converted to feet cf (ditional height through @ 
which the water must be lifted, are taken into account in the / in the 


=. =| 





| 


& 


i SSS SPS ee rr ee> | 
SVSSSR2RBRBssensVese 


_— 
o 


15 

22. 73 
30, 30 
37. 88 
45, 45 
53. 8 
60. 61 
68. 18 
. 16 
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above formula. In table 1 the horsepower of the engine or motor 
ified is taken as twice the horsepower theoretically required, as 
this will be approximately the horsepower required to operate the 
Jlant. In reality, however, as indicated in table 3, p. 25, the value of 
increases with the size of the pump. 


THE ELECTRIC MOTOR 


Where electric current is obtainable at reasonable cost, it is the 
most satisfactory source of power for irrigation pumping. Electric 
motors combine reasonably low cost, safety, high efficiency, relia- 
bility, and ease of operation. 

Each motor of the type used in pumping has a particular speed 
which is practically constant under all conditions, but the range of 
speeds available in the various sizes of electric motors is such that 
they are readily adapted to the operation of pumps. Electric motors 
may be direct-connected to the pump shaft, thereby eliminating fric- 
tion and slippage losses due to transmission through belts or gears. 
Direct-connected electric plants are compact and require less housing 
than plants of other types, and avoid the trouble of purchasing, 
hauling, and storing fuel. 

Rates charged for electric power are based usually on kilowatt- 
hour ° consumption and horsepower of connected load, which is ordi- 
narily determined by the name-plate rating of the motor. The rates 
charged for power vary in different sections. The schedules shown 
in table 2 give a general idea of the range in cost of such service. 


TABLE 2.—Rates charged for electricity 


| Energy charge in addition to the 
demand charge; rate per kilowatt- 
hour for consumption per horse- 


Annual power per year of— 
Size of installation demand 


(horsepower) charge per 


horsepower} First 1,000 | Next 1,000 | All over 


kilowatt- | killowatt- | 2,000 kilo- 
hours hours watt-hours 





Dollars | % Cents 
i eee de SL dso e tl  wbdh Salswnnaian 16. 50 | L5 1.3 0. 
a ee - 5 


I ta otc cree gd Ma egg cae 
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! The annual minimum charge is the demand charge. 


The foregoing schedule (table 2), which applies in California, 
gives very low rates. The following schedule gives rates which are 
more nearly equal to the charges elsewhere: 


Cents per 
kilowatt-hour © 


First 100 kilowatt-hours per season per horsepower 
Next 200 kilowatt-hours per season per horsepower 
Next 500 kilowatt-hours per season per horsepower 
All additional kilowatt-hours per season per horsepower 


® One kilowatt-hour equals 1,000 watt-hours, equals 1.34 horsepower hours. 


©The minimum charge is the charge for the first 100 kilowatt-hours per season per 
rsepower. 
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Some companies charge for power at flat monthly rates, and some 
to encourage continuous use of power, quote their rates upon the 
farmer’s total connected load instead of on the separate motors, 

Frequently, where electric power is to be utilized, several miles 
of power line must be provided in order to tap the line of some 
power company, and secondary lines must be constructed to each 
pumping plant. The cost of these power lines, especially when they 
are long, is an important item in the cost of pumping plants. Ordi- 
narily it is met at first by the consumer, but some companies divide 
it with their customers or refund it in service. 


THE INTERNAL-COMBUSTION ENGINE 


Internal-combustion engines are efficient and with proper care 
will continue to be so through comparatively long periods. This is 
especially true of the diesel and semidiesel types, which are built in 
sizes suitable for all but the smaller plants. Ordinarily an engine 
will last from 8 to 12 years. Some farmers pump water only a few 
days per week, or only a few hours per day; others operate their 
plants continuously day and night, and the length of the irrigation 
season varies widely in different localities; hence the life of an 
engine used to operate a pumping plant cannot be estimated closely 
in years. Its life in hours depends on four factors: the quality of 
material and workmanship put into its manufacture, the load it 
operates under, the attention given to its operation, and the fuel 
used. Engines sold by reputable manufacturers are usually well 
built and constructed of good material. 

A heavily loaded engine will not last as long as one lightly loaded, 
a load of 75 or 80 percent of the rating of the engine usually being 
the safe maximum. A substantial foundation is necessary to reduce 
vibration, and in order to avoid belt trouble the location and align- 
ment of the pump and engine pulleys should be in accordance with 
the recommendations regarding these matters furnished by the pump 
or engine company from which the purchase is made. An engine 
should have a sight-feed pressure lubricator and an ample cooling 
system. Good lubrication oil should be used. Proper housing of 
an engine is important, particularly in a country where freezing 
weather and sand storms occur. Dust, grime, rain, and neglect 
cause rapid depreciation. Every engine should be cleaned at regular 
intervals, and bolts, springs, valves, and other parts should be 
examined and necessary repairs made. 

Suitability of fuel is an important factor. One obstacle to the 
continued use of the internal-combustion engine is the uncertainty 
as to whether it will always be possible to obtain a supply of fuel oil 
at a price making its use practical, and it is well to select an engine 
which will run on more than one grade of oil. An engine using the 
heavier grades of oil should be chosen since it will work with the 
iighter oils when the cheaper grades are not available. Cheap oils 
which are too heavy or contain too much asphalt should not be used. 

Clean combustion is very important in prolonging the life of an 
engine. A smoky exhaust indicates a foul, dirty cylinder, injurious 
deposits, and rapid wear. Engine performance depends principally 
on the condition of the iain: piston rings, and carburetor oF 
fuel injector; other parts can be maintained in good order by occa- 
sional adjustments or minor repairs. 
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SELECTING, INSTALLING, AND OPERATING A PUMP 


Under ordinary circumstances the horizontal centrifugal type is 
best adapted to conditions where the water level is never more than 
40 or 50 feet beneath the ground surface when pumping is being 
done, a pit being utilized for depths greater than 25 feet. Where 
the water level drops lower than 40 or 50 feet beneath the surface, 
either the vertical centrifugal or the turbine pump may be used. 
Where the water is at a greater depth, the deep-well turbine should 
be used for flows greater than 200 gallons per minute. The plunger 
pump is to be considered when the head is great and the quantity of 
water to be pumped is not more than 200 gallons per minute, but for 
this condition also small deep-well turbines are now available. Tur- 
bine pumps may be obtained for wells as small as 4 inches in diam- 
eter. The air lift is restricted neither as to lift nor quantity of 
water to be pumped, but its low efficiency limits its usefulness to the 
special conditions already mentioned. 

Centrifugal pumps of any of the three types described should be 
selected to fit given conditions of lift and capacity. This is true also 
of screw pumps. Too often the only condition stipulated by the 
farmer in ordering a pump is that it discharge a specified quantity 
of water. It should be remembered that it is possible to obtain 
widely varying quantities of water from a centrifugal or turbine 
pump by varying the speed of its operation, but there is only one set 
of conditions of discharge and speed under which centrifugal and 
turbine pumps will operate at maximum efficiency for a given head. 
A pump bought in ignorance of this fact, with cheapness as the main 
consideration, will prove more costly in the long run than the ini- 
tially more expensive but efficient pump. For this reason, second- 
hand pumps should not be purchased unless it is certain that they 
are suited to the existing conditions. 

The demand charge will be higher than is necessary if a motor 
with more power than is required is used; consequently both motor 
and pump should be chosen with reference to the actual power 
requirements and should be of standard sizes. 

The approximate capacities and efficiencies of different sizes of 
centrifugal pumps (not including the turbine type) are given in 
table 3. In ordinary practice a good pumping plant, properly 
installed, should easily show the efficiency given. 


TABLE 3.—T ypical capacities of centrifugal pumps and the horsepower required 
for their operation under average conditions * 


| ] | 
Theo- Theo- 
: ; Actual : ; Actual 
Dis- retical ; Dis- retical 
Centrifugal | charge | horse- rap tne Centrifugal | charge | horse- | Pa™P —_ 
pump no. per | power | cor. || pump no. per | power | |; 
minute | per foot | “®PeY | DOE ot minute | per foot | C®?°¥ ee 
of lift fixe of lift ~F 


U.S. | 
gallons Percent | 
200 | 0.050} 40-60 


| 1196 
700| = .17 
| 


300 - 076 | 65-75 


65-75 "19 | "757 | 70-80 
65-75 “27 | 


! The efficiencies listed are for pumps properly designed and installed for heads of 40 to 60 feet. Plant 


ies can be estimated by subtracting 10 percent for direct-connected electric motors and 15 to 20 
Percent for belt-connected motors. 


4 Efficiencies taken as the lower value in the preceding column. 
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The amount of power lost in forcing a given quantity of water 
through a pipe varies with the length, size, age, and kind of pipe, 
the number and sharpness of the bends, the valves, and other 
obstructions to the flow. All these factors increase the total head 
against which the pump must operate, and in designing a plant, 
provision must be made for the additional power required. When 
a bend must be made in the discharge or suction pipe, a long-radiugs 
elbow should be used. The suction pipe must be airtight and should 
extend at least 10 feet below the level to which the water will be 
drawn. The discharge pipe should be carried no higher than 
necessary, as each foot in height increases the cost of pumping. 

The requirements for air lift and plunger pumps are more flexible 
than those for centrifugal pumps. The discharge from these pumps 
may be varied without having a material effect on the efficiency, 
but such plants also should be carefully designed as the investment 
in the equipment is relatively large. 


COST OF PUMPING 


It is beyond the scope of this bulletin to give costs of pumping- 
plant installations in such detail that they will be generally appli- 
cable throughout the irrigation region. In order that prospective 
purchasers may have clearly in mind the items that usually enter 
into the cost of pumping plants, estimates of the costs of plants of 
the two types in most common use are given. Conditions peculiar 
to different communities will qualify these estimates, and the cost 
reported should be considered as suggestive only. Before a plant 
is purchased, quotations on the equipment it is proposed to install 
should be secured from reliable dealers. The cost of transmission 
lines for electrical power is omitted because it depends on local 
conditions. The farmer should ascertain what expense would be 
involved in bringing electrical current to his plant from the nearest 
power line, and what refunds would be made in case the initial 
expense were charged to him. 


CASE NO. 1 


ELECTRICALLY DRIVEN CENTRIFUGAL PUMP IN PIT (SEE FIG. 3) 
(Estimate based on Colorado conditions) 
Conditions: 

Crop to be irrigated, alfalfa. 

Depth of water required on land, 2 feet in four irrigations, in a 30-day 
rotation in 6-inch applications. 

Amount of water furnished by well, 2 second-feet=900 gallons per minute, 
which will provide a 6-inch depth over 4 acres each 12 hours or a 6-inch 
depth over 120 acres in thirty 12-hour days or fifteen 24-hour days. 

Lift of water=40 feet (includes 10 feet above pump). 

Theoretical or water horsepower, 9.1. 

Plant efficiency, 65 percent. 

Motor required, 15 horsepower (actually 14 horsepower). 

Cost of plant: 

Well 50 feet deep, drilling, including gravel-envelop 
developing and testing at $6 per foot 

Casing, 24-inch, 14-gage, galvanized and perforated, 40 
feet at $2.50 per foot 

Shoe 

Pit, 8 by 8 by 10 feet inside, concrete 6-inch walls and 
bottom 
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Cost of plant—Continued. 
Pump no. 6, single-stage, bronze impeller, horizontal cen- 
trifugal, direct-conducted to 15-horsepower motor, 
installed, with necessary electrical and hydraulic 


Pump house, with 1-ton chain block, concrete floor, pit, 
railing, ete 


Total 
Total cost of plant 1, 500, 00 
Cost per acre ($1,500+120) 12. 50 
Cost of operation per season: 
Interest on $1,500 at 7 percent $105. 00 
Taxes and insurance at 2 percent ys a sds fea es le Aa he 30. 00 
Depreciation of machinery (value $740) at 10 percent.____ 74. 00 
Depreciation of house and well (value $760) at 5 percent. 38.00 
Power consumed 10.4 kilowatts for 1,440 hours at 2% 
cents per kilowatt-hour____-_~- 374. 40 
Repairs, lubricating oil and attendance per season 30. 00 


Total_- : an ths eset i at eS ea ted 651. 40 
Cost of pumping per season ($651.40--120) 
Cost of pumping per acre-foot of water ($5.43+2) 


CENTRIFUGAL PUMP IN PIT, DRIVEN BY OIL ENGINE 
It is estimated that a 15-horsepower oil engine of the semideisel type could 


be installed in the plant described in case 1, the necessary changes being 
made in pit and house design at an approximate cost of $2,500. 


Cost per acre for oil engine plant $2,300--120__-----_--------------~-- $19. 17 


COST OF OPERATING WITH OIL ENGISRE 


Intereat.6n: 42.500 ak 7 peneet.. densicmsmementemeninne $161. 00 
Taxes and insurance at 2 percent 46. 00 
Depreciation of machinery (value $1,400) at 10 percent-. 140.00 
Depreciation of house, well, and pit, with necessary 

changes for engine (value $900) at 5 percent 
Fuel oil consumed 1.3 gallons 32-gravity oil per hour for 

1,440 hours at 54% cents per galion 102. 96 
Repairs, lubricating oil, and attendance per season 200. 00 


Total cost of operating per season 
Cost of pumping per acre per season ($694.96--120) 
Cost of pumping per acre-foot of water ($5.79+2) 


CASE NO. 2 


ELECTRICALLY DRIVEN DEEP-WELL TURBINE PUMP (SEE FIG. 2 


(Estimate based on California conditions) 
Conditions: 

Crop to be irrigated, fruit. 

Depth of water required on land, 1.5 feet in three irrigations in a 60-day 
rotation of 6-inch applications. 

Amount ot water furnished by well, 1 second-foot=450 gallons per min- 
ute, which will irrigate 2 acres 6 inches deep each 12 hours, or 120 acres 
in sixty 12-hour days, or thirty 24-hour days. 

Lift, 100 feet. 

Theoretical or water horsepower, 11.4. 

Plant efficiency, 60 percent. 

Motor required, 20 horsepower (actually 19 horsepower). 
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Cost of plant: 
Well 200 feet deep, drilling at $2 per foot, perforating 
included 
Developing and testing 
Casing, 16-inch double stovepipe, 12 gage, 180 feet at 
$2.75 r 
Casing starter, 20 feet, 3-ply and ring 100. 00 


PRUE seccbtanges co rien pease sai caesemnnrodsea doa aaschaseoriag apecionideknctenc ds taest niente 
Pump, deep-well turbine installed on concrete base 
with direct-connected vertical 20-horsepower motor_ $1, 100. 00 
Electrical and hydraulic accessories, installed 50. 00 
Pump house, 8 by 8 by 7 feet . 00 


NL Se Se oe ens teeing see Hrinced i teed 1, 350. 00 


Total cost of plant 2, 495, 00 
Cost of plant per acre ($2,495--120) 20. 79 
Cost of operation per season: 
Interest on $2,495 at 7 percent 
Taxes and insurance on $2,495 at 2 percent_____---_- 
Depreciation on machinery (value $1,250) at 10 per- 


Depreciation of well and building (value $1,245) 
5 percent 

Power consumed 14.1 kilowatts for 2,160 hours at 2 
eents per kilowatt-hour 

Repairs, lubricating oil, and attendance per season____ 


Total cost of operation per season 
Cost of pumping per acre per season ($1,120.92--120) 
Cost of pumping per acre-foot of water ($9.34+-1.5) 


DEEP-WELL TURBINE PUMP, DRIVEN BY OIL ENGINE 


It is estimated that the plant described in case 2 could be installed 
with a 20-horsepower semidiesel engine, enlarged pump house and 
foundation for approximately $3,600. 

Cost per acre of oil-engine plant ($3,600+120) 


COST OF OPERATING PER SEASON WITH OIL ENGINE 


Interest on $3,600 at 7 percent $252. 00 

Taxes and insurance on $3,600 at 2 percent 72. 00 

Depreciation of machinery (value $2,300) at 10 percent____ 230. 00 

Depreciation of well, pump house, etc., (value $1,300) at 
5 percent 

Fuel consumed, 2 gallons, 32-gravity oil per hour for 2,160 
hours at 5 cents per gallon 216. 


Repairs, lubricating oil, and attendance per season 350. 


65. 


Total cost of operating per season 
Cost of pumping per acre per season ($1,185--120) 
Cost of pumping per acre-foot of water ($9.88--1.5) 
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